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Finishing and Polishing 


Trimming the Flash 
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News photo of crowds watching television on Boston Common. 


OF DAG, WHAT MAKES TELEVISION 50 CLEAR? 


* Lots of things, Jackie! But mostly brains. The brains of men who know how to make electrons behave in 
tubes. Electrons are tiny particles of electricity. They’re boiled out of metal wires by heating units. Much 
the same way as an electric stove boils water. But if the heating unit isn’t right, everything goes wrong.” 





**Some poet know Norton only as the 


**Alundum refractory grain is great stuff. 
Its melting point is 2015°C. That’s real 
hot! Made into corrugated baffle plates, 


**The tube pot are smart, son. They 
make sure the — units give off the 
right heat and last longer by coating 


world’s largest maker of grinding wheels 
and machines, among But refractories 
in many sizes, shapes and materials are 


them with a fine Norton refractory. 
Alundum 38900 grain, we call it. It’s 
so fine that ten grains end to end equal 
the thickness of a piece of paper. 


it doubles the efficiency of enamelin 
ovens. That’s why the surfaces of — 
things as refrigerators and electric stoves 
come so hard and smooth. 


important Norton products, too. They’re 
used in kilns, furnaces and ovens when- 
ever industry wants to get the most out 
of high temperatures... safely.” 
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TRADE MARK REG U.S. PAT. OFF 


Gdaking better products to make other products better 
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frigerators, Norton Products help make 


: 

- REFRACT IF 
all kinds of products better. That's why EFRACTORIES, POROUS MEDIUMS & LABORATORY WARE Ly NORBIDE PRODUCTS 
the experienced heads and willing hands . wt 


that make up the Norton me oe NORTON COMPANY, WORCESTER 6, MASSACHUSETTS 


harder to make Norton products better.” BEHR-MANNING, TROY, N.Y. 1S A DIVISION OF NORTON COMPANY 


**So, you see, son, from 
television tubes to re- 
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As good as new isn’t good enough when it comes to boilers. 

For boilers become obsolescent long before they wear out. And 
when you consider today’s cost of fuel and labor, you'll 

find that gains in operating efficiency make new steam generating 
equipment a profitable investment. 


Boiler obsolescence, tremendously accelerated in the past 
twenty-five years, is the result of technological improvements 
that have resulted in greatly increased efficiency and 

lower operating costs. Combustion Engineering—Superheater 
has long been in the forefront of steam generating and fuel 
burning progress. Combustion experience is yours for the asking 
in helping to solve today’s most difficult problem — 


C: Ee | the diminishing margin between lower selling prices and high 
; costs. A letter from you will bring an experienced C-E sales 
engineer to your office. B-352 


COMBUSTION ENGINEERING — 
SUPERHEATER, INC. 


A Merger of Combustion Engineering Company, Inc. and The Superheater Company 


200 Madison Avenue « New York 16, N. Y. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT 
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Hetpine TO MAKE THE WONDERS of SO. CALIF 
| more wonderfu 


The 280,000 kw Redondo Steam Station was 
constructed to keep pace with the rapidly grow- 
ing power demands of this region. Semi-outdoor 
design combines economy of construction with 
operating conifort and convenience and the en- 
tire structure has been built to resist the stress of 
possible earthquake shock. Unique is the provi- 
sion for control of marine growth through thermal 
shock during periodic reversal of salt water flow 

in the two 2,000 foot intake 
and discharge tunnels which 
obtain condenser circulating 
water from the Pacific Ocean. 

Stone & Webster Engineer- 
ing Corporation designed and 
constructed the Redondo 
Steam Station for Southern 
California Edison Company. 





wonhiy pay 
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STONE & WEBSTER ENGINEERING CORPORATION 


A SUBSIDIARY OF STONE & WEBSTER, INC. 
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When the erection of a plant gets 
underway — most of the gains from 
efficient construction technique have 
already been won—or lost! Ultimate 
savings are largely set in the plan- 
ning of the construction program— 
as to methods, schedules and labor 
requirements. 

At Lummus, this planning is de- 
rived from unsurpassed ‘round-the- 
world experience. Then, it is put into 
practice by a field staff to whom so- 
called “unpredictables” are old and 
familiar. 

Sound technique, as Lummus ap- 
plies it, means a sound night's sleep 
for those we serve who shoulder the 
responsibility. 






The Lummus Company, Ltd. 
525 Oxford St., London, W-1, England 












Société Francaise des Techniq Lummus 
39 Rue Cambon, Paris ler, France 
Compania Anéni Venezolana Lummus 











Edificio “Las Gradillas” 
Esquina Las Gradillas, Caracas, Venezuela 


















THE LUMMUS COMPANY 


420 Lexington Avenue, New York 17, N. Y. 


L u BAR u = designs and builds with TECHNIQUE 


CHICAGO—600 South Michigan Avenue, Chicago 5. Ii). 
HOUSTON—Meliie Esperson Bidg., Houston 2, Texa; 
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TECHNIQUE 








in planning 
The full effect of detailed planning in ad- 
vance of actual construction has been real- 
ized in foreign work where local facilities 
are at a minimum. It called for scheduled 
arrival of tools and materials, periodic es- 
timates of manpower requirements and 
the preplanning of specific procedures for 
materials handling and heavy lifts. Econ- 
omy in requirements for construction facil- 
ities, tools and equipment by preplanned 
re-use at various construction stages is one 
example. The selection of a staff with ex- 
perience permitting effective reassignment 
as the job progresses is another. 


TECHNIQUE 


on the job 

What makes it possible to move a 150-ton 
derrick intact from one tower-erection lo- 
cation to another, as contrasted to dis- 
assembly and reassembly? Planning—plus 
practical experience of the field staff on 
the job! Lummus field personnel has served 
in some 15 foreign fields, as well as at 
home, and averages better than 10 years’ 
Lummus experience. 


TECHNIQUE 


as to costs 

From an analysis of unit erection costs in 
which every man-hour is estimated in ad- 
vance, Lummus lays the groundwork for 
continuing cost control. Periodic reports, 
detailing costs and work-progress, permit 
evaluation of all phases of the job from 
start to finish. 


teamwork 


perspective 
economy 
fulfillment 
resourcefulness 
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... reinforce rubber 
Special Cabot blacks add the abrasion resistance, 
resilience, low heat build-up and flex-cracking 
resistance to help make the long-wearing 


rubber products you demand. 


e 
... make paints blacker 
Other Cabot blacks add deep blackness to paints 
and lacquers, and are known for their easy wetting 


and dispersion in every type of vehicle. 


... inks jetter 


Certain Cabot blacks add the color strength, flow 
properties, blue tone, ease of dispersion, and low oil 
absorption which make ink-makers prefer Cabot. 


..- paper, plastics, better 
Still other Cabot blacks give the particular jetness, 
strength, or electrical conductivity most desired | 
by the paper maker. In plastics, Cabot blacks 


serve both as coloring pigment and filler. 


GODFREY L. CABOT, INC. 


canol 


CARBON BLACKS 


Your preference for constantly uniform, highest quality 
rubber, paint, ink, paper and plastics products encour- 
age manufacturers to specify Cabot carbon blacks as one 
of their most dependable raw materials. 


77 FRANKLIN ST., BOSTON MASS. 
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To help you take full advantage of more efficient 
machines and new materials, Brown & Sharpe engineers 
are constantly developing and testing new designs in 
cutters. In the development of the most practical cutters, 
diversified manufacturing in Brown & Sharpe’s own plant 
provides an exhaustive proving ground. Modern Brown 
& Sharpe cutters have many features that permit highly 
efficient operation—they cost you less in the long run. 
Brown & Sharpe Mfg. Co., Providence 1, R. I., U. S. A. 


We urge buying through the Distributor 


BROWN & SHARPE 





























1950 CALLS 
FOR QUALITY 


Every manufacturer knows he 
is in a buyers market—you 
have got to be right to get 
the business. 

Diefendorf gears on any ma- 
chine you build can meet 
most exacting demands for 
quality in design, materials 
and workmanship. 
Specification production only. 


DIEFENDORF GEAR 
CORPORATION 


DIEFEND‘O:AF 


G E A R §S 








THE TABULAR VIEW 








Initiative and Freedom. — In a convocation for 
M.L.T. students on December 5, VANNEvAR Busu, ’16, 
(following the roles of his ancestors which included 
clergymen, bank presidents, and whaling captains) 
warned future scientists and engineers of the dangers 
of soft security, surrender of individual self-reliance, 
scramble for subsidy, and the decline of the pioneer 
virtues which produced men of greatness. It is the 
privilege of The Review to bring to its Alumni (page 
147) this message from Dr. Bush who has served M.LT. 
between 1919 and 1938 as a professor in the Depart- 
ment of Electrical Engineering, dean of the School of 
Engineering, and vice-president. Since 1938 Dr. Bush 
has been president of the Carnegie Institution of 
Washington. During World War II he was director of 
the Office of Scientific Research and Development, 
and subsequently was appointed by President Truman 
as head of the Research and Development Board of 
the National Military Establishment. Few others are 
so well fitted by experience, insight, and sympathetic 
understanding to inspire a return to the virtues of an 
earlier day and to demonstrate that, in economics and 
in government, as well as in science, no path leads to 
“something for nothing.” 


Going Like Sixty. — At decennial intervals, H. E. 
LospELL, °17, has taken a look at the speeds with 
which passenger trains operate. His current examina- 
tion (page 149), emphasizing the progress which has 
been made since 1940, highlights the fast tempo of 
the present era, and on the basis of trends well estab- 
lished, records the passing of the puffing, snorting 
iron horse. As an ardent student of American railroad 
operation, Mr. Lobdell has ample opportunity to ob- 
serve firsthand the workings of this form of transpor- 
tation, for as executive vice-president of the Alumni 
Association, he travels annually many thousands of 
miles to cement good fellow ship between the Institute 
and its Alumni in M.LT. clubs throughout North 
America. Mr. Lobdell has been closely associated with 
The Review for more than a quarter of a century — as 
editor and now as its publisher. 


Twentieth Century Mid-Point.— The influence 
which science and engineering have had in shaping 
our present mode of living is surveyed (page 156) by 
Pau Couen, 385, whose thumbnail sketch of signifi- 
cant progress during the past five decades has been 
prepared especially for this issue of The Review. No 
account of half a century of change in the United 
States would be complete without some record of the 
progress which we have made in international affairs, 
in redistribution of wealth, and in piling up a huge 
public debt, but Mr. Cohen limits his discussion 
largely to the overwhelming accomplishments in sci- 
ence and industrial technology. An editorial associate 
of The Review for more than a decade, Mr. Cohen is 
by nature an acute observer, by training a mechanical 

(Concluded on page 136) 
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When sail 
trimming 
is 
required 
























No business can stay healthy without an 
occasional overhaul of its production 
set-up—particularly when a seller’s market 


begins to quiver. 


Molybdenum steels may be just what the 


LO ULO LEN LAA ECON ENTS EE NET OEE IEE LIE LON ETE 
9 sha Ope Oe SE ee 


doctor ordered to reduce production costs, 
and still maintain the product’s reputation 


for consistent performance. 


Send for our comprehensive 400-page 
book, free; “MOLYBDENUM: STEELS, 
IRONS, ALLOYS.” 


OTE OL? 


; 
» 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS 


Climax Molybdenum Company 


500 Fifth Avenue - New York City ' 
@ 4 
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MARTIN-HUBBARD CORPORATION 






Engineering Consultants 







































Computers — Servomechanisms 
Instrumentation for Nuclear Research 


| 
Applied ultrasonic research and development 
Design and construction of scientific instruments 


to your performance specifications 


Complete engineering of original or unique electrical 


and mechanical devices and machinery 


Technical reports 


11 BEACON STREET 
BOSTON 8, MASSACHUSETTS, U.S. A. 


Telephone: CApitol 7-6990 “Cable Address MARHUB-Boston 
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‘THE. TABULAR. VIEW 
(Concluded from page 134) 


engineer, and by inclination an interpretive writer on 
topics technological. Since his graduation from the In- 
stitute, Mr. Cohen has been, successively, an instruc- 
tor in the Department of English and History at 
M.L.T., an engineer with the United Shoe Machinery 
Corporation, and now occupies an administrative and 
engineering position with the Sperry Gyroscope Com- 
pany. 

Depletion of Natural Resources. — The study of 
mineral depletion and metal supply which appears 
(page 158) in this issue of The Review was delivered 
by Evan Just at a symposium of the Institute’s De- 
partment of Metallurgy some months ago. The inclu- 
sion of Mr. Just’s study in the January issue is particu- 
larly appropriate, not only because the general theme 
of the issue is in the nature of a survey of our present 
world, but also because New York’s current water 
shortage has drawn national attention to the need for 
conserving our natural resources. By training, Mr. 
Just is a geologist, having received his bachelor’s and 
master’s degrees in this field in 1922 and 1925 from 
Nestiwestern University and the University of Wis- 
consin, respectively. He became a pe ‘troleum g geologist 
for the years 1922-1924 and again in 1928-1931. From 
1925 to 1928 he was a geologist engineer and his explo- 
rations for bauxite, lead, and fluorspar took him to 
Brazil and Russia, as well as to various parts of the 
United States. He became assistant professor of geol- 
ogy and petroleum technology at the New Mexico 
School of Mines from 1931 to 1934, petroleum produc- 
tion engineer for the Carter Oil Company between 
1934-1937, and secretary of the Tri-State Zine and 
Lead Ore Producers Association between 1937 and 
1942. Except for the past year when he was director 
of the Strategic Materials Division of the Economic 
Cooperation Administration, Mr. Just has been editor 
of the Engineering and Mining Journal since 1942. 








Avon Allied Products Co., Inc. 
E. H. Faile, Engineer 

















What Avon Allied Products Co. said of our Service 


“It becomes my pleasant duty to tell you of the 
most satisfactory way in which you executed this 
contract with us from every standpoint, and we 
were all greatly pleased at the workmanship, the 
speed, and the efficiency shown by your organiza- 
tion.” 


W. J. BARNEY CORPORATION 
FOUNDED 1917 
101 PARK AVENUE, NEW YORK 


INDUSTRIAL CONSTRUCTION 
Alfred T. Glassett, '20, Vice President 
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In safe hands... 


Do YOU REMEMBER when winter meant storing the family 
car till spring? Not so many years ago. a car owner's fear 
if he didn’t 


drain his radiator and store his car once cold weather hit! 


of an ice-shattered motor was a dread reality... 


What was needed—acutely—was an automobile anti-freeze 
that would prove always dependable yet economical. One 
that would hold up under any operating temperature. That 
wouldn't foam and boil away. That would resist rust and 


corrosion to the nth degree. 


That’s where Union Carbide research entered the picture. 
The result? “Prestone” anti-freeze. Since then this product 
—the first all-winter anti-freeze—has assured millions upon 


millions of motorists of ever-improved driving performance. 





PRESTONE and TREK Anti-Freezes * NATIONAL Carbons 
SYNTHETIC ORGANIC CHEMICALS + 


BAKELITE, KRENE, VINYON, and VINYLITE Plastics * 
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Trade-marked Products of Divisions and Units include 


PresT-O-LITE Acetylene - 


even at 60 below! 


with assured safety . . . throughout the bitterest weather. 
This is but one example of the way the people of Union 


Carbide are helping to better our daily living. And UCC 


stands ready to help solve other problems . wherever 


better materials and processes are needed. 
FREE: /f vou would like to know more about 
many of the things you use every day, send for 
the illustrated booklet, “* Products and Processes.” 
It tells how science and industry use UCC’'s 


Allovs, Chemicals, Carbons, Gases and Plastics. 
W rite for free Booklet 1. 


Union CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND stTReET [i[d@ NEW YORK 17, N.Y. 








EVEREADY Flashlights and Batteries * ACHESON Electrodes 


LINDE Oxygen + PYROFAX Gas 


ELECTROMET Alloys and Metals * HAYNES STELLITE Alloys 
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Will you be stranded in your garage till the driveway is 
shoveled out? Not if you get Sure-Grips NOW! 


y, 








Sure-Grips will give you sure, steady going on snow-cov- 
ered streets. You won’t have to wait till the snow plow comes! 









rani 











With Sure-Grips, you won’t have to worry about the slushy 
gutters. You’ll be able to pull yourself out! 


iis 





—_ 


AND—Sure-Grips give super traction in mud! Studs are 
self-cleaning—mud, sand, gravel tend to funnel off! 


Why get stuck in snow or mud...get 


SURE-GRIP TIRES WOW/ 


The time to get Sure-Grip Tires is right 
now — before the going gets any tougher! 
The big studs on this famous Good- 
year tire dig down deep, give you less 
slip, skid and wheelspin in soft snow, 
slush and mud. 
Sure-Grips give you a smooth ride 


when you hit stretches of good road. 
And the tread is extra thick and extra 
cut-resistant for longer wear! 

You need only two Sure-Grips—one 
for each rear wheel. While on your car 
they save your regular tires! Play safe 
—see your Goodyear dealer today! 


We think you'll like “THE GREATEST STORY EVER TOLD” —every Sunday—ABC Network 


GOODFYEAR 


MORE PEOPLE RIDE ON GOODYEAR TIRES THAN ON ANY OTHER KIND 
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Henry M. Mayer from Black Star 


“Let us have peace.” 


— Ulysses S. Grant 
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The Trend of Affairs 


A New Half Century 


nis month the usual survey of anniversaries, 

which has opened the Trend of Affairs in Janu- 

ary issues for years, is omitted in favor of a group 
of feature articles providing the more extensive ex- 
aminations which befit inauguration of a new half 
century. The Review offers a thumbnail sketch of 
technological progress since 1900 by Paul Cohen, ‘35; 
an examination of passenger train speeds for a like 
period by H. E. Lobdell, °17; a note of caution on 
depletion of our minerals and metals by Evan Just; 
and an inspiring article by Vannevar Bush, ‘16, evalu- 
ating our present socioeconomic position. 


Utilizing Beet Sugar Waste 


wo beet sugar factories in Ohio and one in Michi- 
T gan are now using a new process of utilizing waste 
waters previously discharged into rivers and streams. 
The reclaiming process, developed by Erman A. Pear- 
son, "47, in the Department of Civil and Sanitary En- 
gineering under the supervision of Clair N. Sawyer, 
Associate Professor of Sanitary Chemistry, ideally 
meets the requirements for waste disposal, since it 
reduces a major source of stream pollution and simul- 
taneously improves economy of plant operation. In 
fact, preliminary economic studies of the process in- 
dicate that the savings effected during the first year 
of operation are sufficient to amortize the capital in- 
vestment for the necessary treating equipment. The 
process is being studied by the United States Public 
Health Service because of its promise in reducing 
stream pollution. 

In the usual process, sugar is extracted by passing 
water through large vertical tanks packed with shred- 
ded beets. When most of the sugar has been removed, 
the remaining beet pulp is washed from the tanks, after 
which it is drained, pressed, dried in a gas-fired rotary 
kiln, and sold as cattle feed. The wash water used to 
displace the pulp, as well as that removed from the 
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pulp in the draining and pressing operations, is cus- 
tomarily discharged into streams. This waste water 
contains some sugar, considerable organic nonsugars 
both in solution and in suspension, and has a high 
bacteria count. For each ton of beets processed, yield- 
ing 250 pounds of refined sugar, the volume of waste 
water may be from 300 to 500 gallons, and it is often 
the most objectionable waste product that results from 
the process. 

Re-use of the waste water by adding it to the fresh 
water used in the extraction process has not proved 
practical because the high bacteria content of the 
waste water causes fermen‘ation with resultant gen- 
eration of gas which greatly impedes circulation of 
the extracting liquid. In addition, fermentation de- 
stroys valuable sugar, thus reducing sugar yield. Fur- 
thermore, solids suspended or dissolved in the liquid 
interfere with circulation and, of course, necessitate 
additional processing in the treatment of the extract. 

In the new process the waste water is treated with 
35 to 45 parts (by weight ) of chlorine per million parts 
of waste water, and its acidity is neutralized to main- 
tain optimum pH by the addition of small amounts of 
lime. The chlorine destroys the bacteria and precipi- 
tates most of the organic nonsugars as well. It is then 
necessary only to provide tanks for coagulation and 
sedimentation of the solids, and the water is then 
ready to be added to the fresh water used for sugar 
extraction. The sediment can be removed to a storage 
lagoon for drying. 

Besides eliminating a major source of stream pol- 
lution, the process improves plant economy by reduc- 
ing the water needed for extraction by about 30 per 
cent and by increasing sugar yield from the beets. The 
recovery amounts to about four pounds of sugar for 
every ton of beets processed, or about 1.5 per cent. For 
a 1,000-ton mill, about two tons of sugar are saved per 
day which formerly were discharged into the river. 
Since there are about 80 sugar mills operating in the 
United States, the tonnage of sugar that can be saved 
annually is of considerable economic importance. 








How Do Engines Grow? 
, IX the Sloan Laboratories for Aircraft and Auto- 
motive Engines, research personnel are seeking 
fundamental answers to the question, “How do en- 
gines grow?” They hope to develop quantitative meth- 
ods which will relate the various performance factors 
of such extremes as a one-sixth horsepower model air- 
plane engine and a 10,000-horsepower Diesel engine. 

Engines can be made to grow both by increasing 
the size of individual cylinders and by increasing the 
number of cylinders. Sloan Laboratory personnel, 
under the general direction of Professor C. Fayette 
Taylor, ‘29, of the Department ef Mechanical En- 
gineering, are exploring the effects of size changes in 
single-cylinder engines; for the more firmly the design 
factors in single cylinders are established, the fewer 
will be the uncertainties in the design of multicylin- 
der engines. 

Up to the present time the basic effects of cylinder 
size have been appreciated only in a qualitative way 
by engine manufacturers, for no one has made a sys- 
tematic quantitative study of this kind. This seems 
particularly surprising when it is remembered that 
nine-tenths of the nation’s mechanical horsepower 
capacity is in internal-combustion piston engines. In 
determining such questions as what size cylinder to 
use or how long the piston stroke should be, designers 
are accustomed to making reasonable guesses based 
on a large amount of experience with equally empiri- 
cal designs used in the past. The phenomenal success 
of existing designs, as exemplified by the modern 
highly efficient airplane engine, is more a tribute to 
the engineering intuition of the designers than to ad- 
vanced knowledge of the fundamentals of engine de- 
sign. It is believed that design factors can be put on a 
much more rational basis when the laws of similitude, 
that is, the relationships between a series of carefully 
scaled engines of different size, are accurately known. 
In other fields, such as hydrodynamics and aerody- 
namics, the laws of similitude were established long 
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Volumetric efficiency plotted against mean piston speed for 
three geometrically similar single-cylinder engines. 


ago and have been of tremendous value in permitting 
designers to predict the performance of any size ship 
or airplane from test results on small models. There is 
no reason why a knowledge of the laws of similitude 
in engines should not yield equally effective results. 

To provide facilities for studying these laws, the 
design and fabrication of three geometrically similar 
single-cyinder engines with bores of two and one-half 
inches, four inches, and six inches diameter, respec- 
tively, were recently completed at the Sloan Labora- 
tories and a test program is now under way. These 
engines are shown below, before trial assembly and 
mounting for test. 

Theoretical analysis has already suggested the way 
many of the factors, such as air flow and stresses, 
should correlate, and experimental verification of 
these relations has already been obtained. For ex- 
ample, the graph shows that these engines have the 
same curve of volumetric efficiency (air intake volume 
divided by piston displacement) when the basis of 
plotting is the mean piston speed. This result was pre- 


A group of single-cylinder 
engines, similar in every re- 
spect except in size, have 
been built in the Sloan Au- 
tomotive Laboratory. Stud- 
ies of the operation of 
these engines will enable 
designers to predict accu- 
rately the way in which 
performance depends upon 
size, since these are to be 
used in quantitative studies 
of the law of similitude as 
applied to the behavior of 
internal combustion en- 
gines. 

The engines are shown 
before assembly and mount- 
ing on test stands. From 
left to right respectively, 
the bores are two and one- 
half, four, and six inches. 
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dicted from theory, but had never before been demon- 
strated experimentally. 

Other factors, such as friction, lubrication, and heat 
losses have been subjected, in part, to theoretical 
analysis, but cannot yet be handled completely in 
this manner and require experimental data to com- 
plete the picture. Still other factors, such as “detona- 
tion,” await experimental results before a quantitative 
correlation can even be proposed. 

The program promises to enable designers to pre- 
dict with precision the changes in performance of an 
engine as its size is changed. It will provide a quanti- 
tative basis for choosing optimum design parameters 
for greatest fuel economy, lightest weight, or mini- 
mum size. With the urge toward improved perform- 
ance in all types of self-propelled vehicles, the im- 
portance of placing these basic concepts on a strong 
fundamental basis becomes increasingly urgent. 


Iron Absorbed from Food 


—— tracer techniques are being used in 
nutritional studies of iron assimilation conducted 
by the Department of Food Technology, in col- 
laboration with the Departments of Biology and 
Physics. The studies were undertaken to learn quanti- 
tatively how the assimilation of iron is affected by the 
foods with which it is consumed. It has been shown 
that oatmeal is no more detrimental to iron assimila- 
tion than are equal amounts of other foods, even 
though phytates, salts of a phosphorus-containing or- 
ganic acid present in most cereals, markedly impede 
iron absorption when added separately to a meal. 

With the permission of their parents, 17 adolescent 
boys participated in the experiments on nutrition 
under the direction of Professor Robert S. Harris, ’28, 
of the Department of Food Technology. The boys ate 
a breakfast which contained eight milligrams of iron. 
A small fraction of this iron — too minute to be harm- 
ful — was a radioactive isotope produced in a cyclo- 
tron and added in the form of ferric citrate or ferric 
chloride. The radioactive “tagged” atoms could 
easily be traced in their course through the body and 
were used to determine the amount of iron from the 
breakfast which appeared in the blood stream. 

At intervals of several days after the breakfast, 
blood samples were taken and analyzed to determine 
how much radioactive iron was in the blood. When 
the iron absorbed had reached a steady quanitity, 
another breakfast containing radioactive iron was 
eaten. Altogether, seven breakfasts were consumed 
having the quantities of food given in the table. 


Composition of the Test Meals (in grams) 


Test Meal I so Iv VeeoOVI s6€CVE 
Milk 200 200 200 200 200 200 
Water 200 

Cooked rolled oats 285 173 285 285 
White bread 34 56 

Egg omelet 75 75 
Tomato juice 150 150 


Sodium phytate 0.2 

Total wet weight 744 200 200.2 873 200 766 485 

Total dry weight na ri et 
(calculated) 119 26 26 52 0 136 69 





Generally 10 days were required before all of the 
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iron absorbed from a single meal reached an equilib- 
rium quantity in the blood stream. Once in the body, 
no loss of radioactive iron was measured during a 
period of 175 days after a breakfast, at which time 
measurements were stopped. This is particularly re- 
markable since other tests have shown that the red 
corpuscles, containing most of the iron, are destroyed 
and remade on the average of once every 23 days. 
These results confirm those obtained concurrently and 
independently at another laboratory and may mean 
that the required daily intake of iron is much less than 
that previously thought necessary. 
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Of the amount of iron consumed with food, the fraction ab- 
sorbed in the blood stream decreases with increasing size 
of meal. 


The graph shows the fraction of the radioactive iron 
absorbed, plotted against the dry weight of the meal. 
It is evident that oatmeal had no greater effect on iron 
absorption than the other solid foods, whereas the 
sodium phytate very greatly decreased iron absorp- 
tion. Since oatmeal contains phytates, it is evident 
that the phytates are not available to react with the 
iron during digestion. 

Solid foods are shown to have a detrimental effect 
on iron absorption. Only one fifth as much iron was 
absorbed when taken with a full meal as when taken 
alone with a glass of water, suggesting that medicinal 
iron would be much more effective when taken be- 
tween meals rather than at mealtimes. 

The manner in which phytates affect calcium assimi- 
lation are now being investigated with the use of a 
radioactive isotope. 


Perfecting the Gas Laws 


vER wide ranges of pressure and temperature, 

the densities of most gases approximate those pre- 
dicted by the perfect gas law, for which theory as 
sumes no intermolecular forces. At low temperatures 
or high pressures, however, the forces between mole- 
cules are of sufficient magnitude to cause large devia- 
tions in the behavior of a gas from that which is pre- 
dicted by the perfect gas law. Various equations of 
state — mostly determined empirically, although 
guided by theory, of course — have been proposed 
which allow for the intermolecular forces. By correlat- 
ing such equations of state with measurements of 
pressure, temperature, and volume for gases, the 
theory by which the equations have been derived can 














be tested and the magni- 
tude of the intermolecular 
forces can also be evalu- 
ated. Ultimately it should 
be possible to establish gas 
laws which are valid for all 
conditions of pressure, tem- 
perature, and volume, either 
for pure (single compound) 
gases or for mixtures. 

With this ultimate goal 
in mind, research workers, 
under the direction of Pro- 
fessor James A. Beattie, 
17, in the Department of 
Chemistry are now engaged 
in a program of extremely 
accurate measurements of 
densities and _ associated 
properties of gases, such 
as critical points and va- 
por pressures. Means for 
accurate determinations of 
gas densities have been de- 
veloped and refined by Pro- 
fessor Beattie over the past 
20 years. To make a den- 
sity measurement, a known mass of substance is 
transferred to a steel bomb whose temperature is 
controlled to within 0.001 degree C. of the desired 
temperature. The density of the substance is varied by 
forcing a known amount of mercury into the bomb, 
and the pressure is measured by dead weight pressure 
gauges. By this means the error in measurement of gas 
density has been reduced to less than one-tenth of one 
per cent, producing results of value for testing certain 
postulates of the kinetic theory of gases and theories 
of state. 

High precision determinations of gas densities, 
critical points, and vapor pressures, provide basic in- 
formation required both by the practical engineer in 
his design calculations for distillation and high-pres- 
sure processes, and by the theoretician in his effort to 
understand the forces between molecules. Precise 
measurements of gas density have direct industrial ap- 
plication in high-pressure processes, such as the syn- 
thesis of ammonia where the perfect gas law is greatly 
in error. In addition to indicating the size of equip- 
ment needed for a quantity of gas, such measurements 
are used to derive the thermodynamic properties of 
gases, for the prediction of chemical equilibrium, and 
of the heat and work effects involved in various proc- 
esses. In calculations of distillation processes, this 
type of data is also required. 

In a long-term research program now in progress, 
pressure, volume, and temperature relations and va- 
por-pressure data have been determined for such pure 
gases as ethane, propane, 1-butane, n-butane, isobu- 
tane, n-pentane, neopentane, n-heptane, ethyl ether, 
xenon, and krypton. The research is now being ex- 
tended to the study of the density of gas mixtures. 

Already mixtures of n-butane with methane, exem- 
plifying a mixture of similar molecules (both non- 
polar) have been studied. Measurements are now be- 
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ing started on mixtures of methane and chlorome- 
thane, as examples of two gases of different types of 
molecules (nonpolar and polar). These measurements 
can be used to test various procedures for combining 
the constants of the equations of state for the pure 
components in order to obtain comparable data for 
gas mixtures. The determination of density for mix- 
tures is such a formidable task that an accurate 
method of prediction from data on the pure gases is 
of extreme practical importance. 

At the present time, one of the most satisfactory 
equations of state for simple gases expresses rela- 
tions between temperature, pressure, number of mols 
of gas present, and other gas constants, more or less 
empirically in a series of four terms. The inclusion of 
a term containing the fourth power of volume is justi- 
fied only by the availability of data sufficiently accu- 
rate for the purpose. 

When more than one gas is present in a given vol- 
ume, the properties of the mixture become even more 
difficult to predict since the intermolecular forces now 
act not only between the same but different species 
of molecules. In some cases, a gas may “dissolve” in 
another gas much as salt dissolves in water without 
greatly changing the resulting pressure. This is true 
for the case of water vapor in air. If air is forced into 
a container of water in equilibrium with its pure va- 
por, more water will evaporate, partly because of the 
slight increase in vapor pressure caused by the in- 
crease in total pressure of the system, but partly be- 
cause water vapor will dissolve in the air. At high 
pressures, this latter effect can be very large. 

It may be a long time before the work now in prog- 
ress is brought to the desirable degree of completion. 
In the meantime, industrial practice and theory alike 
will make some progress with every step which is 
made in perfecting the gas laws. 
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Renascent Antiquity 


HE information clerk in a modern department 
iene can readily direct inquirers to articles made 
of cotton, linen, silk, wool or other animal hairs, 
rayon, OF nylon, and perhaps glass or metallic tex- 
tiles; but in even the largest and best stocked of 
stores, a request for anything woven of ramie will 
probably be met by puzzled baflement. Yet ramie is 
a fiber, with certain uniquely valuable characteristics, 
that has been known to man since the time of pre- 
dynastic Egypt. Why then has this textile remained 
so obscure? First, because originally ramie fiber could 
be freed from the plant in which it grows only by tedi- 
ous hand labor. Secondly, because ramie suffers from 
what is called, in the jargon of the textile industry, 
“low spinning quality.” Recently, however, much tech- 
nological progress has been made in overcoming both 
of these difficulties. 

Ramie comes from a shrub, Boehmeria nivea, that 

is related to the nettles although it has no stinging 
hairs. These plants are hardy perennials that live as 
long as 30 years, and produce as many as four crops 
each season. The ramie shrub grows readily in the 
warm temperate zone throughout the world. It is 
easily propagated by dividing roots and replanting. 
Weeding is unnecessary. Yie ‘Id per acre is high — up 
to 10 times that for cotton. 

In composition, ramie is allied to flax, hemp, and 
cotton in that it consists of cellulose and pectic bodies. 
Ramie resembles flax, hemp, and jute because the use- 
ful fibers are bast tissues of the plant that lie between 
the woody section and the outer bark or cortex. But 
ramie fibers are particularly difficult to detach from 
the bark (decorticate), and this operation must be 
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done within a short period after harvesting, before 
drying occurs. Until recently the only known means 
of decorticating ramie was tedious pounding by hand, 
and hand stripping of the fibers. Therefore, produc- 
tion was confined to countries like China where hand 
labor is cheap. In this primitive processing, removal 
of the tenacious resinous gum that surrounds ramie 
fiber was accomplished by prolonged soaking in water. 

One of the potential values of ramie stems from 
the fact that it is by far the longest of the vegetable 
fibers, having an ultimate fiber length averaging 120 
millimeters (as compared to only 28 millimeters for 
cotton or flax). But offsetting this virtue is the extraor- 
dinary variability of ramie. Thus these fibers have a 
range of 140 millimeters from shortest to longest, 
whereas cotton has a corresponding variability of only 
30 millimeters; flax, 50 millimeters. In consequence, 
ramie until recently could be made only into coarse 
and hairy textiles, and used in limited applications, 
such as canvases or fire hose. 

But ramie is lustrous, soft, and elastic, dyes readily, 
and has low shrinkage and high resistance to abrasion 
and mildew. Therefore, in recent decades, research 
aimed toward improvement of ramie processing has 
never flagged. One recent advance has been success- 
ful mechanizing of ramie decortication. Beyond this, 
decorticators have been designed on the “combine” 
principle, so that they operate right in the fields — 
harvesting and decorticating in one continuous op- 
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eration. One of these decorticators, operated by eight 
men, is reported to produce a ton or more of fiber 
every two hours. This output is in striking contrast to 
that of the old hand methods, whereby the same num- 
ber of men working a full day could produce only a 
few hundred pounds. 

It has also been discovered that treatment with hot 
caustic solutions under high pressure will degum 
ramie without affecting the fibers. Neutralization, 
washing, and drying then prepare the ramie for spin- 
ning. Improvement of the spinning of ramie has grown 
from realization that neither conventional cotton- 
spinning machinery, nor standard wool-spinning 
equipment, are satisfactory for such use. As a result a 
novel spinning principle has been developed, that 
nevertheless may be applied by remodeling existing 
cotton-spinning mills. This advance has made possible 
production of Number 80 count ramie thread — sev- 
eral times finer than could formerly be spun. Such fine 
thread puts ramie in a position to invade the clothing, 
bed and table linen, and related fields, as well as to 
become a useful component of mixed textiles. 

In anticipation of increasing use of ramie, exten- 
sive acreages of the shrub have been planted in the 
United States, principally in California, Texas, and 
Florida. The alluvial muck lands of the latter state 
have proved to be especially favorable for ramie cul- 
tivation. This new crop has been fostered by Federal 
and state departments of agriculture. 

At the moment, ramie is still a minor element in the 
total fiber supply of the United States. Recent an- 
nouncement of foreclosure sale of an important ramie 
mill in Florida indicates that the promoters of this 
textile have not left their days of adversity entirely 
behind. Nevertheless, ramie, a natural fiber of ancient 
lineage, shows greater promise of coming into wide- 
spread use today than it ever has before in its long 
and checkered history. How striking it is that this 
renascence has occurred in the face of the current 
ascendancy of synthetic fibers. 


Model Approach to Acoustics 
OMBINING their talents in architecture and acous- 
tics, M.I.T. students may help end that annoying 
experience of not being able to hear the principal 
speaker in an auditorium. 

Trying to predict the acoustics of an auditorium 
before it is built, one group of students has studied 
the behavior of a pencil-size light beam reflected from 
a highly-polished ceiling of a 12-inch auditorium 
model. Now, another group is at work using “beams” 
of sound in a simplified auditorium model one-fifth of 
full size. 

The goal in both instances is to make a very quick 
estimate of some acoustical properties of an audi- 
torium even before the room is built. If simple tests 
show that sound from the stage will not spread ade- 
quately over the entire proposed room, plans can be 
altered, and tested again, before construction begins. 
Such preliminary investigation by means of models 
can be done quite inexpensively, and is expected to 
result in designs which are acoustically much more 
satisfactory than the trial and error methods which, in 
the past have so often characterized the construction 
of music halls. 





The method involving the light beam is based op 
the fact that (within certain limits) sound waves re. 
flect from a wall in much the same way that light rays 
reflect from a mirror. Thus, a beam of light is made to 
take the part of sound waves in the optical analogue 
of an acoustic system. Light beams, reflected from 
mirrored panels in the model, show the paths which 
sound waves would take in the full-size auditorium, 
The paths of light beams are recorded on photo- 
graphic paper to produce a permanent record for 
analysis or comparison with other arrangements. 

Such an optical analysis saves the tricky graphical 
manipulations which are needed to study sound dis. 
tribution from blueprints by more conventional meth- 
ods. It gives better precision and could be developed 
into a rapid tool for aiding directly the development 
of new auditorium designs by permitting quick, com. 
parative exploration of a succession of auditorium 
shapes with relatively simple models. 

Another method of analyzing the acoustic proper- 
ties of auditoriums through the models, but employ- 
ing acoustic rather than optical analysis, is now under 
investigation. Making full use of the law of similitude, 
the “sound analysis” system is based on the fact that 
a high-pitched sound will behave in a small model 
just as a normally-pitched sound will behave in the 
full-size prototype. In this case the model — although 
larger than that required for optical analysis — can 
be very simple, and thus inexpensive, while still giv- 
ing all needed information. 

These two systems are both recent projects of stu- 
dents in an M.I.T. graduate course in architectural 
acoustics. Under the supervision of Richard H. Bolt, 
Associate Professor of Physics and Director of the 
M.I.T. Acoustics Laboratory, and Professor Lawrence 
B. Anderson, 30, Head of the School of Architecture, 
the class is guided by Robert B. Newman, ’49, an 
M.I1.F. graduate just beginning service on the archi- 
tectural teaching Staff. 

The class is very definitely part of the educational 
program. But attempts are made to work out prob- 
lems in architecture and acoustics in new ways, to 
teach research techniques as well as to establish prin- 
ciples, both at the same time. 

To prove their point, the students who devised the 
reflected light-beam system used it to study the right 
kind of roof shape for a 1,000-seat auditorium of fan- 
like floor plan. 

In some places, they found, the sound from the 
stage reached the audience on the auditorium floor 
directly. In other places it was reflected from the 
ceiling back to the audience; in still other cases, sound 
reached the audience after having bounced off the 
rear wall. 

In any well-designed auditorium, the ceiling and 
walls must reflect the sound so that it is spread evenly 
over the entire area seating the audience. In addition, 
the reverberation time —the time required for the 
sound to reach one millionth of its initial intensity — 
of the reflections from ceiling, walls, and floor, must 
have the proper value for auditoriums of different 
size. The methods of analysis used by Institute stu- 
dents provide a highly convenient and useful means 
of quickly arriving at much significant data in the 
proper acoustic design of auditoriums. 

THE TECHNOLOGY REVIEW 








>. oa we SS Peet 








sed On 
ves re. 
ht rays 
ade to 
alogue 
1 from 
which 
orium, 
photo. 
rd for 
ts. 

phical 
id dis. 





JANUARY, 1950 








The Essence of Security 


A People Voting Themselves into Eden from a Supposedly 


Inexhaustible Purse Are No Match for a Dictatorship 


are nearly all scientists and engineers, or at least 

you expect to be. In these capacities, your func- 
tion will be to understand the physical world, and on 
that basis to build, to raise standards of living, to fur- 
ther prosperity, and thus to assure the general condi- 
tion of decency by which cordiality and understand- 
ing among nations may be fostered. Engineers and 
scientists, as you hope to be, are skilled in objective 
reasoning. In particular, they usually can add two and 
two, and get four. As an exercise in addition, I would 
place before you a few important items of recent news. 
They are digits in a sum, or factors in an equation. As 
is too often true of these things, they may not at first 
glance appear to be related. 

First, President Truman recently expressed the con- 
viction that the total income of this country, now over 
200 billion dollars a year, should be raised to 300 bil- 
lion dollars a year. National output normally increases 
2 per cent a year because of technical advance; it is 
now probably increasing 3 per cent a year because of 
greater reliance on research since World War II. In 
less than a generation this factor alone can bring about 
the increase called for. But the President had in mind 
no such interval; he calls on us to move much faster 
toward a highly desirable end. While he spoke in 
terms of dollars, he undoubtedly thought in terms of 
product and services, of which dollars are merely a 
measure. It would be possible in a year or two to reach 
the 300 billion mark by merely voting wide Federal 
benefits and increased taxes, thus reaching an output 
at once of 300 billion dollars worth $0.40 each. He had 
in mind something more real than this. 

Second, when the last Congress adjourned it faced 
a national deficit of six billion dollars. It had in the 
hopper ready for enactment nine billion dollars more 
of expenditure for divers good causes. One bill in proc- 
ess would have furnished Federal aid to the states in 
the form of architectural services. There were dozens 
more. The Federal government now supports or sub- 
sidizes in one way or another more than a 


Y= men to whom I speak, as students at M.L-T., 
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mental agency built docks, roads, schools, hospitals, 
housing, and acted throughout for the benefit of the 
employed. It didn’t raise any peanuts to speak of. It is 
approaching the end of its funds, and admits it will 
not raise many peanuts. The House of Commons de- 
clines to investigate. 

The last item is fresh in your minds. President Tru- 
man recently announced that there was an atomic ex- 
plosion in the heart of the Eurasian continent. 

Now are these items connected, and do they mean 
anything to you personally? Moreover can you do any- 
thing about it? 

There is a connection among the items I have men- 
tioned. They mean much to you, and to all of us. You 
can do something about it, and if you are as clear- 
headed as I think you are, you realize not simply that 
you can, but that you must. Each of them bears di- 
rectly on the fundamental question of our times — the 
strength of the free democratic system as compared 
with the strength of the totalitarian system, and the 
ability of each system to grow in strength in the years 
to come. Until such time as reason and good will pre- 
vail, and a rational answer to the problem of live and 
let live in a complex world is established, this com- 
parative estimate will stand as the most important im- 
ponderable in the world’s vocabulary. By and large, 
all questions of policy, national or international, eco- 
nomic or political, immediate or long-range, take on 
importance and urgency to the degree — and only to 
the degree — that they bear on this basic issue. 

Russia is a closely controlled dictatorship, a police 
state, with full ultimate management of the details of 
the life of every citizen. It can hold, and has held, the 
standard of living down to a small fraction of ours, 
denying its people the simple comforts of existence, in 
order to focus effort on guns and atoms. In the long 
run a totalitarian state cannot compete with a free 
people in the advancement of science, for dictation 
and dogma are contrary to the free spirit of inquiry, 
which is the heart’s blood of scientific advance. But, 
in the short run, it can produce what it 








quarter of the population, if one includes 
those indirectly dependent on the subsidy. 


wishes to produce, and ignore the suffer- 
ings of its people, up to a limit, and that 


The nine billion would have increased | agg ED a limit is high. It can produce an atom 
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journed temporarily and will be back in on so x A much time is arguable and important, it 


a month. 

The next item comes from overseas. in 
England is short of fats. Africa has enor- 
mous areas of fertile uncultivated land. 


The labor government recently spent | tion. 





tute of Technology, 
convocation on 
December 5, is pre- 
sented with but mi- 
nor editorial —— 


can produce a stock of atomic bombs. 
The atomic bomb does not stand alone. 
It is not an absolute weapon. It is part of 
a vast and intricate armament, and much 
— Ed. of the nature of that armament was spread 
out for all the world to see in World War 








£20,000,000 to start raising peanuts in 
Africa and extracting the oil. The govern- 


II, and is known to many technicians in 








Russia as elsewhere. Russia can build fleets of bomb- 
ers, jet aircraft for defense, radar networks, as well as 
guided missiles. 

But can it build all these at once, in ample quanti- 
ties, in reliable form, operated by well-trained men of 
initiative and resourcefulness? The answer to this 
question depends upon what one believes the Russian 
economic system can stand without collapse. But, 
whatever the estimate, there is no doubt that Russia 
can build, and is building, a formidable military ma- 
chine. Whether it does so from genuine fear of attack, 
or in a dream of conquest, is beside the question; we 
face the fact that, barring an improbable early inter- 
nal collapse, such armament will appear in the hands 
of an absolute closely knit central governing group of 
men who distrust us and would destroy us if oppor- 
tunity offered. 

We can meet that threat if we are strong. We can in 
fact meet it without war, for those in the Kremlin rec- 
ognize strength if they recognize nothing else. The 
fact that we can meet it was recently proved when this 
country, bringing to bear on grim business the re- 
sourcefulness and initiative nurtured in freedom, 
armed its allies and joined with them to strike down 
the Nazi might. 

But we cannot meet it if we turn this country into a 
wishy-washy imitation of totalitarianism, where every 
man’s hand is out for pabulum, and virile creativeness 
has given place to the patronizing favor of swollen 
bureaucracy. Dictatorships can compete with dicta- 
torships, and free virile democracy can outpace any 
such in the long pull. But a people bent on a soft secu- 
rity, surrendering their birthright of individual self- 
reliance for favors, voting themselves into Eden from 
a supposedly inexhaustible public purse, supporting 
everyone by soaking a fast disappearing rich, scram- 
bling for subsidy, learning the arts of political logroll- 
ing and forgetting the rugged virtues of the pioneer, 
will not measure up to competition with a tough dicta- 
torship. If we go all the way down the path to depend- 
ence and render ourselves a people fawn- 








guide us down an easy path over a precipice. I believe 
also that the past generation, with a rise in the power 
of the common voter, and an increase also in his per- 
ception and grasp of public affairs, has brought with 
it highly salutary progress toward protection of the 
small man against the hazards of nature or of his 
grasping neighbor. We live in a better world because 
of awakened public consciousness of its power and its 
possibilities. We have done much for the underprivi- 
leged and more for the laborer at the bench, and it is 
well. But we can outpace ourselves, attempt too much, 
and wreck the industry on which all material progress 
depends. Still I believe the American people are too 
tough minded to pursue a will-o’-the-wisp over a cliff. 
I know they can add, and I do not believe they are 
fooled by stories of magic wands or of inexhaustible 
treasures. If I am wrong, we are in for disaster. 

But my main point today is to ask what you men 
propose to do about it. Some of you will differ with my 
point of view quite completely, but no matter. I ask 
what you propose to do about your own theory of the 
dilemma and its solution. Unless you taRe the naive 
point of view that the building of a powerful military 
machine overseas is no concern of ours (and that de- 
lightful fiction seems to have disappeared even from 
the ranks of the isolationists) there is something to be 
done. Unless you take the equally naive point of view 
that this is an affair for our own military men and no 
concern of the private citizen, you have a problem 
squarely on your doorstep. Moreover it is peculiarly 
yours — for the strength of this country means more 
than arms and services, it involves the entire strength 
and prosperity of the country, which is a matter di- 
rectly in your area. The question is whether you will 


be content to build in a technical sense, and let some-— 


one else worry about the larger problems. 

Some of you, unhappily, will spend your time and 
effort exclusively in passing technical courses, and 
thoroughly shun those dealing with man’s relation to 
man. You will pay not the slightest attention to the 

political maelstrom about you, and look 





ing for handouts on an intriguing bu- 
reaucracy, Russia can cease its building 
of war machines. It will conquer the 
world without them. 

Now I am no pessimist. I believe in the 
democratic system, and I believe in the 
sound common sense of the American 
people. Moreover, I believe thoroughly 
that we have the wit to recognize a dan- 
gerous trend, reverse it before it is too 
late, and laugh at sirens with crack- 








down on those who take an interest in 
politics, or who have the hardihood ac- 
tually to practice it. You will regard such 
things as history, economics, mass psy- 
chology, foreign relations, as soft gen- 
eralizations, not worthy of the steel of the 
man who can manipulate a Fourier in- 
tegral. Or at the other extreme some will 
browse in generalities and amuse your- 
selves with vague nonrigorous specula- 
tions and know nothing of a Fourier in- 








brained economic theories who would 
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VEN as opinions ventured about tomorrow's 
K weather, claims about how fast one can go 
from here to there, on trains publicized as 
being ultraspeedy, have provoked and sustained many 
a contentious discussion ever since railroading began. 
Each topic offers a natural conversational gambit 
affluent in potential pros and cons, the amplitudes of 
which are perennially enlarged through the observ- 


ance of newer data. 


For instance, back in 1933 the aggregate train mile- 
ages, booked to operate from start to stop in the 
United States, France, Great Britain, and Germany at 
60 miles an hour and over, totaled 10,571. More than 
half, 5,462 miles to be exact, was accounted for by 
runs on French railways, and only a fifth, slightly 
over 2,000 miles, by those in the United States. In the 
next five years, the 10,571 figure increased eightfold, 
to a total milage of 84,659 for the four countries, and 
the world mileage run in excess of a mile-a-minute 
average stood at 93,312. Of the 1938 world’s total, 
more than half, 48,164 miles, was booked on American 
rails. France stood second with 14,594 miles, Great 
Britain third with 11,665, and Germany fourth with 
10,236 miles. 

Corresponding statistics of 1943, the end of the en- 
suing five-year period, are unavailable except for the 
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United States; and by 1948, postwar railway recovery 
in Europe had not progressed sufficiently to permit 
then current British or French figures being treated 
as significantly comparable with those for the United 
States. In the table “Ten-Year Advance . . .” it will 
be noted, however, that the aggregate American mile- 
ages scheduled for at least 60 miles an hour advanced 
from 48,164 in 1938 to 92,118 by 1943 (an increase of 
91 per cent), and to 129,172 by 1948 (an increase for 
the decade of 168 per cent). 

Data in the table also definitely show Diesels were 
the leading form of 1938-1948 railroad motive power 
for mileages scheduled at 70 miles an hour and over; 
and how Diesels overtook steam for the 60-70 miles 
an hour range by the close of 1943. But steam’s amaz- 
ing displacement on American rails between 1943 and 
1948 — 6,888, or 17 per cent, fewer steam locomotives 
in the 1948 inventories, which included 3,730, or 141 
per cent, more Diesel and electric locomotives — has 
not come about wholly by the predominance of the 
Diesel in high-speed operations. Today, Diesels are 
common on many slowpoke secondary lines, such as 
on the Washington County branch of the Maine Cen- 
tral at the head ends of locals meandering down East 
from Bangor to Calais. For, among its other advan- 
tages under actual operating conditions, a single horse- 
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power of a Diesel can perform the tasks hitherto 
expected of approximately two and four tenths of a 
steam locomotive — because the Diesel, unlike the 
iron horse, does not have to be withdrawn from the 
road periodically to be “fed, watered, and rested.” 
In 1932, there was only one train in the world with 
a timetable calling for it to maintain a nonstop run 
between two stations at an average of at least 70 miles 
an hour. This was the Great Western’s Cheltenham 
Flyer, which in that year was speeded up to cover the 
77.3 miles from Swindon to Paddington Station, Lon- 
don, at a rate of 71.4 miles an hour instead of its previ- 
ous average of 66.3. Less than a year later, however, 
the Deutsches Reichsbahn put in service Fliegende 
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Hamburger, a two-car, articulated auto train between 
Hamburg and Berlin, a distance of 178.1 miles. This 
original Flying Hamburger, powered by a pair of 
410-horsepower Diesels, was scheduled to average 
75.8 miles an hour. 

Cisatlantic interest during the early 1930's was also 
focused upon experiments which, it was fancied, 
might develop the Diesel (hitherto employed by some 
American railways for light-powered switchers) as a 
form of motive power able to rank alongside steam 
and electric locomotives in general passenger and 
freight service. Delivery of M-10,000 and Pioneer 
Zephyr, two experimental, specially designed, light- 
weight, high-powered Diesel-electric trains, was 
made to the Union Pacific and Burlington, respec- 
tively, in the spring of 1934. These elegant and shiny 
streamliners, the first named of aluminum alloy and 
the other of stainless steel, in their outside appearance 
and interior appointments were indeed unlike any- 
thing previously seen on American high iron. When 
touring the country before being placed on exhibition 
that summer at the Chicago Century of Progress, these 
trains were tested at sustained speeds far beyond 
those commonly run by ordinary trains; probably the 
most memorable of such trials being a run by Pioneer 
Zephyr in May, over 1,000 miles nonstop, “downhill 
from Denver to Chicago in 13 hours, 5 minutes, at an 
average of 77.6 miles an hour. 

It was this Burlington train which became, on No- 
vember 11, 1934, the first American Diesel streamliner 
to enter regularly scheduled passenger service, be- 
tween Kansas City and Lincoln, Neb. Union Pacific’s 
M-10,000 was the second, less than three months later 
between Kansas City and Salina, Kansas, in honor 
of which western terminal it was rechristened City 
of Salina. The first streamliner with sleeper accommo- 
dations, a seven-car Diesel train, began its original 
schedule of five round trips a month between Chicago 
and Portland, Ore., on June 6, 1935, under the name 
of City of Portland. 

Although in day-to-day operation none of these 
three trains at the start promised patrons a ride be- 
tween stops at more than 60 miles an hour, their actual 


TEN-YEAR ADVANCE (1938-1948) in AGGREGATE TRAIN MILEAGES BOOKED TO OPERATE 
DAILY IN THE UNITED STATES FROM START TO STOP AT 
60, 70, AND 75 Mies AN Hour AND OVER 
(Based upon data for 1938 and 1943 compiled by Railway Gazette, London, and for 1948 by Railroad Magazine, Chicago) 
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At and Over 1938 1943 1948 1938-1943 1943-1948 1938-1948 

Diesel 14,840 36,553 91,434 up 21,713 (146%) up 54,881 (150%) up 76,594 (516%) 
Suns Steam 23,692 38,570 18,966 up 14,878 (63%) down 19,604 (51%) down 4,726 (20%) 
“P-t- 1 Electric 9,632 16,995 18,772 up 7,363 (77%) up 1,777 (10%) up 9,140 (95%) 
Totals 48,164 92,118 129,172 up 43,954 (91%) up 87,054 (40%) up 81,008 (168%) 
Diesel 3,273 6,790 14,651 up 3,517 (108%) up 7,861 (116%) up 11,378 (348%) 
70 h Steam 960 1,993 59 up 1,033 (108%) down 1,934 (97%) down 901 (94%) 
10 MAP mt. | Electric 182 419 228 up 237 (130%) down 191 (46%) up 46 (25%) 

Totals 4,415 9,202 14,938 up 4,787 (108%) up "5,736 (62%) up 10,523 (238%) 
Diesel 982 1,806 3,194 up 824 (84%) up 1,388 (77%) up 2,212 (225%) 

1Smpbr, |S —- 1 — wp sis — down 212 (100%) ne 

pnt. oni 30 _— —_— down 380 (100%) — down 80 (100%) 
Totals 1,012 2,018 3,194 up 1,006 (99%) up 1,176 (58%) up 2,182 (216%) 
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een 
his TRAINS BOOKED TO OPERATE DAILY IN THE UNITED STATES FROM 
- of START TO Stop AT 75 MILEs AN Hour AND OVER IN OCTOBER 1949 
age (Compared with the fastest daily trains scheduled on these runs in 1939) 
as 1949 1939 
, al Mileage Minutes-Direc- Minutes-Direc- 1939 Train 
, 1949 Train and Railroad Terminals of Run of Run tion-Miles an __ tion-Miles an 
me Hr. Averaged Hr. Averaged 
iS a 
New England States nite 19-E-84.3 29-E-55.2 No. 614 
oe New York Central La Porte-So. Bend 26.7 21-W-76.3 28-W-57.2 Iroquois 
in 
| E. Dubuque-Prairie du Chien 54.6 39-N-84.0 44-N-74.4 : 
eer 1 I 
Morning Zephyr and i : mo 42-S-82.4 52-S-66.5 ape ay d 
ht- Afternoon Zephyr La Crosse-Prairie du Chien 57.7 44-N-78.7.  53-N-65.3 Zephyr an 
vas Burlington No. La Crosse-Winona Jct. 26.9 20-N-80.7  23-N-70.1 | S/temnoon 
ec- Aurora-Oregon 60.4 48-N-75.5° 52-N-69.7 | ““P"'Y 
iny City of New Orleans Kankakee-Rantoul 57.9 42-S-82.7 
ind Illinois Central 
ice 
; Morning Hiawatha Sparta-Portage 78.3 59-S-79.6 
hy- Milwaukee 
en 
ion Panama Ltd. Kankakee-Champaign 72.0 55-S-78.5 85-S-50.8 Panama Ltd. 
Illinois Central 
ese 
nd The Valley 
‘he City of Milwaukee | Northwestern Kenosha-Waukegan 15.7 12-S-78.5 16-S-58.9 { No. 206 
he Commuter “400” { No. 214 
per No. 2 
vill | SF:105-W-78.4 114-W-72.2 
an Cities of San Francisco, Grand Island-No. Platte 137.2 {LA:105-W-78.4 114-W-72.2 | Cities of San 
Los Angeles, and Portland P:107-W-76.9 115-W-71.6 | Francisco, 
Union Pacific Los Angeles, 
lo- i aa 10290 | SF:79-E-77.5  86-E-71.2 | and Portland 
“— Jheyenne-Sidney 2. | P:79-E-77.5 86-E-71.2 
4 Afternoon Hiawatha New Lisbon-Portage 43.1 33-S-78.4 35-S-73.9 The Hiawatha 
cs Milwaukee 
- Empire Builder E. Dubuque-La Crosse 112.3 86—-N-78.3 
Ol Burlington 
y 1s Cheeta doinial 80-S-77.1 
m y Ss, 
10- > ew ea La Crosse-Portage 102.9 a13e7a3! 115-S-53.7 Pioneer Ltd. 
al - 
Denver Zephyr Galesburg-Aurora 124.5 97-E-77.0 97-E-77.0 
Oo phy ) Galesburg-Auror, ‘ ser Zenvh 
° Burlington | Chicago-Galesburg 162.0 197-W-76.5 130-w-74.7 | Denver Zephyr 
Twin Cities “400” Evanston-Racine 49.9 39-N-76.8 
se Northwestern 
e- Zephyr 9902 " . es ee ve Ak-Sar-Ben 
“ Burlington Galesburg-Galva 23.0 18-E-76.6 26-E-53.1 ian Royal 
Interstate Express La Porte-So. Bend 26.7 21-E-76.3 29-E-55.2 No. 614 
New York Central 
City of Denver | No. Platte-Kearney 95.0 75-E-76.0 71-E-80.3 | 7, — 
Union Pacific | Julesburg-No. Platte 81.2 65-E-75.0  63-E-77.3 | “ily of Denver 
- Green Diamond Kankakee-Gibson City 54.1 43-S-75.5 46-S-70.6 The Daylight 
Illinois Central 
California Zephyr Aurora-Galesburg 124.5 99-W-75.4 96-W-77.8 Denver Zephyr 
= Burlington 
) * Afternoon Zephyr only. 
o) 
0) . 
,) speeds were thought remarkable for a time when a In retrospect, all early Diesels admittedly were 
" limited train was still defined as one “bearing a dis- cramped inside, compared with standard equipment, 
0) tinctive name; operating at an over-all speed of 40 and the vibrations of the power plant — and its fumes 
4 miles per hour or more for distances of over 200 miles.’ — often were unpleasantly noticeable aft, even unto 
. Moreover, they were the forerunners of a fleet of 21 the observation it sometimes seemed. Yet the public 
) Diesel stecessiinces which, within another five years, liked these trains, not only for their speeds and the 
,) were to provide transportation for the American pub- novelty of riding something new and different, but for 
lic on schedules calling for rates in excess of 70-75 what they portended as relaxing influences upon the 
») miles per hour between stations, with one train ac- thinking ‘of railroad managements, long regarded as 
) tually carded to do better than 80 on two of its runs. _ inexorably allergic against improvements advocated 
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from the customer's viewpoint. Designers of the 
Diesels, on the contrary, catered to public opinion 
from the beginning, and charmed it by continuing to 
borrow proven ideas from the experience of those who 
built aircraft, automobiles, and furniture. They gladly, 
even affectionately, embraced such features as air 
conditioning and fluorescent lighting, while most rail- 
way managements steadfastly resisted impairment of 
the status quo — until in due course the new ideas 
paid off in increased passenger revenues. 

Stepping up schedules involved, of course, more 
than merely streamlining trains and making them 
more comfortable for the riders; more than improving 
the power plant and contriving better braking to per- 
mit added flexibility in acceleration and deceleration; 
more than handling passengers, mail, and express 
quicker at intermediate terminals. Safe operation at 
the contemplated superspeeds demanded expensive 
alterations along the right of way, such as heavier 
rails on more substantial ballasting, track realign- 
ments, easing of curves and changing their supereleva- 
tions, reducing grades, longer crossovers and turnouts, 
and closer attention to the manifold details of bridge 
and track maintenance. Nevertheless, noteworthy 
progress both here and abroad was accomplished 
toward faster averages during 1933-1938. 

As previously cited, by 1938 aggregate train mile- 
ages booked at 60 miles per hour and over reached 
a world total of 93,312, of which 48,164 miles were 
run on American rails. These figures, in themselves 
indicative of a mounting tempo, included, respec- 
tively, 10,169 and 4,415 miles booked to operate at 70 
miles an hour or better. Whereas Cheltenham Flyer 
and Fliegende Hamburger were isolated entries in the 
1933 statistics, the 1938 records of running at 70 plus, 
besides 4,415 miles in the United States, included 
3,043 miles in Germany, 1,850 in France, 730 in Great 
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Britain, and 131 in Italy. Still more striking is the fact 
that the American and German 1938 figures included 
for each country more than 1,000 miles scheduled to 
be run at 75 miles an hour and over, with two runs in 
each country being at over 80. In 1938, all trains run 
at 75 and upwards were Diesel powered, the fastest 
steam train then being The Hiawatha of the Mil- 
waukee, averaging 73.9 on its southbound run of 
43.1 miles between New Lisbon and Portage, Wis. 

Thus, as events marched onwards in the summer of 
1939 towards the commencement of World War IL, if 
one craved a ride on a train at better than 80 miles an 
hour between two stops, the wish could be gratified 
either in Hitlers Reich or in the freedom of the 
Nebraska prairies—either via Fliegende Kélner, 
which ran 109.6 miles from Hannover to Hamm at an 
average of 82.2, returning at 81.2; or via Union Paci- 
fic’s eastbound City of Denver, averaging 80.3 for 95 
miles from North Platte to Kearney, and 81.4 for 62.4 
miles from Grand Island to Columbus. If one were 
content to do less than 80 yet wanted better than 75 
miles an hour, there were 15 daily opportunities, plus 
four available twice-a-week, and still another offered 
20 days of each month, viz.: 

Nine daily opportunities occurred on Nazi trains, 
one on the French Etat between Paris and Longueau 
(78.2 miles at an average of 75.7), three on City of 
Denver (excluding the above-mentioned pair at over 
80), and two on Burlington’s Denver Zephyr, in either 
direction between Aurora and Galesburg in Illinois 
(124.5 miles, averages: westbound 77.8, eastbound 
71.1). Three twice-a-week chances were provided by 
Santa Fe’s Super Chief and El Capitan on runs east 
or west from Dodge City, Kansas; and a fourth by 
eastbound Super Chief from La Junta, Colo., to 
Dodge City (202.4 miles, average 78.3). The 20-times- 
a-month offerings were on Union Pacific's Cities of 
Portland, San Francisco, or Los Angeles, which then 
ran on trios of successive days, eastbound North 
Platte to Grand Island (137.2 miles, average 77.7). 

To summarize: 10 years ago, in 1939, there were 25 
runs (18 operated daily) of 18 different trains sched- 
uled at 75 miles an hour or over, including 14 runs 
(7 daily) of 7 different American trains. Ten years 
later, in October of 1949, there were 34 runs of 21 
different trains scheduled at 75 miles an hour and 
over, as enumerated in the table “Trains Booked to 
Operate Daily . . .” All these 21 trains now operate 
daily customarily, by Diesel power on American rail- 
roads; and the fastest postwar Europe run up to last 
summer was that by a French National train, Number 
7, between Poitiers and Angouléme, 70.2 miles at an 
average of 63.8 miles an hour. 

Sustained accomplishment by trains between their 
major terminals, figured without deduction for inter- 
mediate stoppages, however, is of greater significance 
to more people than are bursts of speed performed 
over segments of the route. Eastbound New England 
States, for example, now departs from Chicago each 
afternoon destined to deliver passengers at Boston 18 
hours later, making 1,019 miles at an average of 56.6 
miles an hour. Rightfully it should be cause for pride 
to all concerned that this train is booked to cover the 
26.7 miles between La Porte and South Bend, in Indi- 
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ana, in 19 minutes, thus averaging 84.3 miles per hour 
which at the present time is the world’s fastest start- 
to-stop booking. 

But eastbound New England States pauses briefly 
at La Porte and South Bend only to take on passengers 
for Toledo and beyond; and hence, from the stand- 
point of public convenience, the speed the States 
attains between these two Hoosier communities is 
relatively of little direct consequence even to their in- 
habitants. Its ultrafast operation over this and other 
intermediate stretches of its total route, however, does 
have an indirect bearing on the convenience of people 
in Chicago who want to get to Boston — for, by the 
present- day New England States that transit can be 
made in one hour less | than by the States of 1940, four 
and a quarter hours less than by the 20th Century of 
1930 or 1920, and two and a half hours less than by 
the 20th Century of 1910. 

Corresponding comparisons for the period 1910- 
1950 giving the times, distances, and average speeds 
maintained on 30 representative fast runs between 
metropolitan centers in the United States and Canada, 
runs aggregating a mileage of over 30,000, are given 
in the table on pages 152 and 153. These tabulations, 
which bring up to date similar data compiled and pub- 
lished by The Review in 1940 and 1930, include runs 
ranging from the 227-mile New York-Washington 
service to that of 2,930 miles between Montreal and 
Vancouver. The 30 runs used divide into groups ac- 
cording to their mileage as follows: a third vary be- 
tween 200 and 475; about a third, between 475 and 
1,000; five are between 1,000 and 1,200; and six are 
over 2,000. 

A summation of the hours and mileages of the 
speediest trains on each of the 30 individual runs at 
the beginning of the 1950's indicates a combined 
average of 50.9 miles an hour, an advance of 2.8 (6 per 
cent) and 10.8 (26.5 per cent) miles an hour, respec- 
tively, over the 48.1 and 41.1 averages of 1940 and 
1930. For 1920 and 1910, the corresponding combined 
averages were, respectively, 34.25 and 34.77. Corre- 
sponding summations for the subdivisions mentioned 
above show the decline in average maintained speeds 
following World War I (between 1910 and 1920), ex- 
cept for the longest runs; the rises during each of the 
two decades spanned by 1920-1940; and the further 
post-World War II rises in the latter 1940's: 


Number 
Group ofruns 1950 1940 1930 1920 1910 


200-475 miles 10 56.7 55.6 47.2 40.5 42.3 


475-1,000 9 51.1 46.1 418 35.5 365 
1,000-1,200 5 56.3 55.5 46.1 413 45.2 
Over 2,000 6 47.6 45.1 37.8 30.5 29.9 


It will be observed that the combined net time sav- 
ings on the 30 runs by the fastest trains of 1950 over 
those of 1940 totaled 35.4 hours, a net gain of over 5 
per cent. On five runs no time-change took place; 21 
are now faster, and four have been slowed. Of the 
21 runs which have been speeded up, least impressive 
is a gain of one hour in the Montreal-Vancouver serv- 
ice, one of the few trains listed in the table on page 153 
still depending on steam. Should the data for this 
run be disregarded, on the grounds that it no longer 
deserves treatment as a “fast” run in comparison with 


JANUARY, 1950 





the other 29 runs listed, then the combined averages 
for the remaining 29 runs would become 53.3 and 
50.0 miles an hour, respectively, for 1950 and 1940. 
On the four runs which have been slowed since 1940, 
the effect of their time-loss (totaling one and one 
tenth hours, principally through an extension of a half 
hour in the eastbound schedule of City of Denver) 
upon the combined average of the 30 runs in 1950, has 
been to hold it at 51.0 miles an hour instead of per- 
mitting it to rise to 51.1. 

Although this survey is concerned primarily with 
railway speeds attained in the United States and 
Canada, it will be of interest to conclude by giving 
comparable averages between some European metro- 
politan centers — as they stood last summer and dur- 
ing the summer of 1939 before the outbreak of World 
War II, and as they were back in 1930. In the United 
Kingdom, for example, Coronation (London-Edin- 
burgh) and Coronation Scot (London-Glasgow), 
which were maintaining respective averages of 65.5 
and 61.7 miles an hour in 1939, have not been as yet 
rescheduled postwar; but Flying Scotsman and Royal 
Scot still depart from London daily at 10.00 A.M. — 
the hour at which Royal Scot has been appointed to 
leave each morning since 1848! The comparative 
averages of these two last-named trains, and of two 
others on higher-speed English runs, are as follows: 


Average miles an hour 

London to: Miles Train 1949 1939 1930 
Edinburgh 393 Flying Scotsman 46.8 56.1 47.6 
Glasgow 401 Royal Scot 45.6 57.3 48.5 
Liverpool 193 Merseyside Express 49.4 58.2 48.0 
Plymouth 226 Cornish Riviera 50.2 55.2 55.2 
French timetables of 1949 include but two services, 
from Paris to Lyon or Bordeaux, calling for operating 

(Continued on page 180) 
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The Twentieth Century 
Mid-Point 


Accomplishment in Science and Engineering Looms Large 


in a Look Backward upon 50 Fabulous Years 


By PAUL COHEN 


the first year of the sixth decade of the Twen- 

tieth Century, A.D., a look backward at the last 
50 fabulous years seems in order. The occasion is a 
routine mathematical occurrence marking the arrival 
on the calendar of the year 1950. Amid today’s fre- 
netic rush of events, however, any excuse to turn for 
a moment and take stock of the tide of achievement 
that seems to be overwhelming us appears to be a 
valid one, and to The Review, whose life has been 
coincident with this period, the occasion is particu- 
larly appropriate. The reference here is primarily 
to the accomplishments of science and industrial 
technology. From the vaster issues of history—the 
advance, if any, in human rights and happiness, in 
wisdom or world stability—the author shies away 
without apology. 

The first difficulty is to peer beyond the dazzle of 
the immediate moment, and to assess, on a thumb- 
nail scale, the world of 1900. For the statistically 
minded, the brief table of data for a few selected 
topics (page 157), provides some significant compari- 
sons. The changes that have since occurred are im- 
pressive enough without seeking an older frame of 
reference. 

For all its gaslight and horseless carriages, the 
United States of 1900 was already a mature in- 
dustrial society, containing within itself, in full or 
embryonic form, most of the features that we today 
call the modern aspects of our economy. The popu- 
lation of the Continental United States in 1900 was 
just under 76,000,000, almost exactly half that of 
today. In their main features, the sanitation prac- 
tices that mark urban living today were largely in 
effect, and these, plus control of many of the more 
important epidemic diseases had resulted in raising 
the average span of life for white persons to about 
50 years. Today the figure for our tougher sex, the 
women, has reached the Biblical three score and ten. 

As for technology, the industrial revolution had 
already been in operation for more than a century, 
and even in 1900 it was stretching a point to call 
such a hoary institution a revolution. True, in all of 
the United States there were only 8,000 automobiles, 
no airplanes, and not a single radio set.* There were, 
however, 1,300,000 telephones and a sufficiently 
complete telegraph net over the country so that, after 


\ s the earth swings into the orbit that will mark 


* Marconi had reported bulletins of the American Cup Races 
by radio in the fall of 1899, and opened his station at Well- 
fleet, Cape Cod, on January 19, 1903. 


the World Series contests started in 1903, nearly the 
entire American population could cluster around the 
bulletin boards every fall as, inning by inning, the 
games slipped into the record books. It was not until 
1911 that the total number of patents issued in this 
country reached the million mark. It stands currently 
at over 2,400,000. ‘ 

Representing an average consumption of about 
three and a half tons per capita per year, the pro- 
duction of coal was about 270,000,000 tons in 1900 
and climbing steadily. Our production per capita to- 
day is not much larger,+ but of course energy con- 
sumption has increased much faster than these figures 
would indicate. Instead of the slightly less than 8,000 
trillion British thermal units which the American 
people used with rather low efficiency in 1900, our 
consumption today is in the order of 36,000 trillion 
British thermal units and still going up. Oil consump- 
tion has increased enormously (about 28 times since 
1900), and hydroelectric power today is at least three 
times as great as in 1910, when it was already begin- 
ning to feel the stimulus of advances in water turbines 
and in the long-distance electrical transmission of 
energy. The latter owes its start to a Nineteenth- 
Century invention, the electric light. By 1920 the 
practicality of transmitting electric power by high 
voltage A-C methods had been established for dis- 
tances up to 200 miles. As the small, isolated steam 
power plant faded as a major industrial unit, power 
production began to be dominated by huge central 
stations, whether steam or hydroelectric. 

The incandescent electric lamp can also lay a claim, 
though rather a thin one, to some of the parental re- 
sponsibility for the rayon industry. In the days of the 
carbon filament, manufacturers of cellulose nitrate 
(celluloid) and of regenerated cellulose (viscose) made 
filaments for this application. Commercial produc- 
tion of artificial silk (renamed rayon in 1924) started 
in France in 1891, but for the next 15 years remained 
a fabric more noted for defects than for virtues. Since 
then the use of synthetic textiles has grown enor- 
mously, overcoming their earlier difficulties so thor- 
oughly that some of them have displaced cotton in 
many of industries’ toughest applications, such as in 
truck and airplane tires. In 1938, before the rise of 
nylon, vinyon, and the most modern synthetic fibers, 
rayon for the first time exceeded wool consumption, 
and represented slightly less than 10 per cent of the 
total weight of all textile fibers used that year in this 

+ It was about four and a half tons per capita in 1945. 
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country. In nylon and its functional, if not chemical, 
cousins, man has for the first time produced fibers 
superior in many physical properties to the finest 
natural fibers. 

Changes have occurred also in a field still closer to 
us than our clothes, namely, in food habits, as Fred- 


process to prevent deterioration of wines, beers, 
and milk. The apparatus to process foods to near 
sterility and to preserve them in that state through 
the slow and intricate channeling from producer to 
consumer had to be designed, built, and distributed 
on a national scale. Until 1921, for example, when 














eric W. Nordsiek, ’31, pointed out in The Review} for about 5,000 units were made, there were virtually no 
May, 1947. We continue to eat about as much, in mechanical refrigerators in domestic use. For many 
calories, as we did in 1900, or to be more accurate, in _ perishable foods, high-speed and refrigerated trans- 
1909 when the Department of Agriculture began to portation was an essential preliminary to widespread 
keep records on food consumption. But we eat much use, and every improvement in fast, flexible transport 
more of the “sissy” foods, such as milk, oranges, toma- _ (the motor truck being the prime example) has added 
toes, leafy green and yellow vegetables, and sugar. _ new delicacies to our tables. The airplane has added 
We are eating much less of such foods as potatoes, avocados from Cuba, tropical flowers from Hawaii, 
bread, cereals, and apples. Obviously, the total and raised talk of such exotic delicacies as mango- 
he amount of food consumed today is just about twice steens for breakfast. Queen Victoria offered a small 
he what it was in 1900. But the output of the food-manu- fortune for a mangosteen delivered fresh to her table, 
he facturing industry — processed food — has quad- and found no takers. 
til rupled since 1899. Advertising, a force not unknown to A list of such changes could go on indefinitely. 
‘is the Americans of 1900, has played its part in these The rise of the gasoline era, as Isaiah Bowman calls 
ly changes, sometimes along the same lines as medical this day of the automobile, has so increased the mo- 
thinking, sometimes on its own, but the major causes bility of the general population that a creature known 
ut have been technical factors that were in evidence in as a suburbanite has sprung up. An associated effect, 
> 1900, though they had not yet begun to operate ona —_ with _wide implications for distribution and _real- 
10) farm or consumer level. Canning was publicized in estate values, is the chronic and apparently incurable 
)- 1810, refrigerating machinery invented in 1880, and traffic jam that is afflicting virtually every large Ameri- 
1- pasteurization known since Louis Pasteur devised the can city, and is spreading to the larger cities of South 
. } “America’s Changing Food Pattern,” page 401. (Continued on page 174) 
n 
ic Some Significant Changes in the United States During the Twentieth Century 
n 
- Item Present Factor of 
e 1900 Amount Amount Year Change* 
. Population, Continental United States 75,994,575 150,000,000 1949 1.97 
Years of Life Expectancy at Birth, White 
4 Males 48.23! 65.1 1946 1.35 
, Years of Life Expectancy at Birth, White 
f Females 51.08! 70.3 1946 1.37 
P National Income Produced (millions of 
> dollars) 19,100 160,700 1945 8.42 
y Number of Gainfully Employed Civilian 
; Workers 29,025,000 59,214,000 1948 2.04 
Total Membership in All Unions 791,000 15,600,000 1948 19.7 
Total Energy Supplied (trillions of B.T.U.) 7,905 36,030 1945 4.55 
) Electric Energy Production (millions of watt- 
hours ) 5,969,051? 271,254,896 1945 45.5 
Coal Production, Bituminous and Anthra- 
cite (tons) 269,684,027 632,551,236 1945 2.35 
| Pig Iron Production (tons) 15,443,951 53,224,213 1945 3.45 
Steel Ingots and Castings (total long tons) 10,188,329 71,162,186 1945 7.00 
Railroad Passenger Miles (thousands) 16,038,076 91,826,353 1945 5.73 
Vehicle Registrations (automobiles, busses, 
and trucks) 8,000 40,622,264 1948 5,072 
Enrollment in Colleges and Universities 237,592 2,338,226 1947 9.86 
Membership in Engineering Societies 8,505 190,000 1949 22.3 
Employees in Executive Branch of Federal 
Government 208,000 3,769,646 1948 18.1 
Total Federal Expenditures (dollars) 520,860,847  100,404,594,686 1945 1,920 
39,326,072,233 1948 755 
Gross United States Public Debt (millions of 
dollars) 1,263 252,292 1948 200 
Per Capita Debt of United States Govern- 
ment (dollars) 16.60 1,721.45 1948 103.6 
® Present amount divided by 1900 amount. 1 For 1900-1902 2 For 1902 
Wherever possible, data is taken from Historical Statistics of the United States (U.S. Department of Commerce, 1949) 
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Mineral Depletion and Metal Supply 


During the Past Half Century More Minerals Have Been 
Mined Than in All Prior History, and the Rate 
of Consumption Is Still Rising Rapidly 


By EVAN JUST 


ODERN Civilization depends on minerals so 
M greatly that it is difficult to imagine what our 

surroundings would be if minerals in common 
use were virtually unavailable. Presumably, with 
our highly organized methods and scientific knowl- 
edge, we would live more comfortably than aborigi- 
nes, but there can be no doubt that the material 
living standards which we have come to regard as 
essential depend very heavily on minerals. In an 
imaginary nonmineral world we would at least have 
to dispense with such commonly used conveniences 
as railways, automobiles, telephones, electric light 
and power, furnaces, china and glass, and large 
buildings. 

These conjectures become of more than academic 
interest when we look at the problem of metal and 
mineral supply in a quantitative way. On the con- 
sumption side, it may be startling to realize that, for 
the world’s white population, the per capita require- 
ments for minerals have multiplied 30 times in 30 
years, or that more minerals have been mined in the 
last 40 years than in all prior history. On the supply 
side, we have the estimates of the Department of the 
Interior that our known and inferred reserves of 
several commercially important minerals are defi- 
nitely limited to the following: In terms of average 
annual production for the 1935-1944 decade, petro- 
leum reserves should last for 40 years; copper, 25 
years; lead, 15 years; zinc, 24 years; and direct-ship- 
ping iron ore, 15 years. To this I would add that a 
quantitative analysis of the way we are depleting or 
polluting a precious resource, good underground 
water, is in itself some cause for concern. The Cali- 
fornians seem to be learning the value of good water 
supplies! 

The Strategic Materials Division of Economic Co- 
operation Administration was set up because Con- 
gress was so deeply concerned over reserve depletion 
that it insisted there must be some return for Mar- 
shall-Plan aid, in the way of availabilities, if not of 
actual deliveries, of “materials in which the United 
States is deficient or potentially deficient.” Congress 
is greatly interested in protecting the future resource 
position of the United States. 

Do these ominous statements mean that civiliza- 
tion shortly will be forced to alter its ways pro- 
foundly? Must we, in a few generations return to 
horse-drawn vehicles, candlelight, and handicraft 
industry? Must we relinquish the privilege of slaugh- 
tering other people by the millions and gratify our 
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blood lust only through individual combat? Paren- 
thetically when I reflect on air warfare, atomic 
bombs, or even what insistent nuisances the tele- 
phone in my office and the radio at home have be- 
come, I could stand for some of these handicaps with 
cheerful resignation! 

My answer to the question posed is that, even as- 
suming that the bulk of the earth’s population adopts 
the mode of life common in North America and West- 
ern Europe, thus skyrocketing the world’s mineral re- 
quirements, we shall suffer no serious inconveniences 
or interferences with material progress for lack of 
mineral materials. We shall be able to continue devis- 
ing even more fiendish ways of destroying each other. 

This conclusion is supported by the inefficient man- 
ner in which our mineral resources have been used 
in the past. In the first place, we tolerate wastes that, 
if curbed, could contribute immensely to extend our 
mineral supplies. Having no conscience in regard to 
posterity that prevents our using tin for dog-food 
cans, sinking battleships for target practice, or al- 
lowing immense soil and fertilizer values to drain into 
the ocean, we at least know that, at a price, these 
wastes can be avoided and even a good deal of mate- 
rial now wasted will be reclaimed. I would like to 
point out here, however, that important percentages 
of even so-called indestructible metals, like gold, sil- 
ver, lead, and copper, are irrevocably lost in their first 
services to society. In other words, we cannot relax 
under the illusion that eventually we will fill our 
metal needs by turning over a great scrap pile. 

We are lucky enough, furthermore, to have substi- 
tutes with plenteous reserves behind them for most, if 
not all, of the uses of our scarcer minerals. For our 
present needs of iron and steel we have great supplies 
of lower-grade iron ore which can continue to fill 
requirements for many generations and, thanks to 
the metallurgists, at surprisingly small additions to 
cost. The rather limited deposits of high quality 
ferroalloy minerals can be greatly extended when 
the metallurgists become less selective about quality 
and condescend, at a price of course, to use lower- 
grade supplies. In its most essential use, electrical 
conduction, copper already has a formidable competi- 
tor in aluminum. If copper should become entirely 
unavailable to the electrical industry, which of course 
will not happen, we should simply have to use some- 
what larger devices to obtain similar results. Alumi- 
num is also giving zinc producers considerable food 
for thought, being already a competitor with galva- 
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nized roofing, siding, utensils, and zinc die castings. 
Considering that it is made from high-grade bauxite, 
one might say that aluminum itself does not exist in 
boundless reserves; but between the probabilities 
that much undiscovered bauxite exists and that metal- 
lurgists will find ways to use lower-grade aluminous 
materials, it is hard to foresee a dearth of aluminum. 

One of the most tenacious applications of the metals 
is lead for storage batteries, as we have no effective 
substitute. True, there is the nickel-steel alkaline bat- 
tery, but should it be asked to take over the load now 
being carried by lead batteries, we would run into the 
fact that nickel is much scarcer than lead. Pending 
the day when an effective substitute for lead in 
storage batteries is developed, it appears that here is 
at least one important instance when a dearth of the 
material would force us to change our ways. Are the 
obviously short reserves of lead, then, an ominous 
sign? The answer is “No.” In the first place, lead has 
reasonable substitutes in the construction, plumbing, 
chemical, paint, cable covering, and weighting fields, 
so that the apparent supplies could be extended very 
far, if devoted to storage batteries alone. Besides, for a 
sufficient price incentive, the lead in storage batteries 
is almost 100 per cent reclaimable. Finally, a substan- 
tial increase in the price of lead, still well within the 
means of storage-battery users, would bring out new 
supplies from all over the world. Therefore, even in 
this unusual case of a monopolistic hold on a market 
and an apparently short supply, there appears to be 
no cause for consumers to worry about the future. 
Because of its limited reserves, durability, and wide 
usefulness, lead may be an appropriate item for 
hoarders who fear currency depreciation; but the 
needs for its more essential uses will be met, and at 
prices which although possibly high in comparison 
to the past, will still be well within the reach of 
the ordinary consumer. 

Another apparently essential mineral use is that 
for manganese as a clean-up agent for steel. This 
country uses 14 pounds of manganese for every ton 
of steel produced, and Europe uses more. I have so 
much observed the ability of metallurgists to find 
answers when needed, that I have complete faith that 
we shall never lack good steel, even if manganese 
becomes relatively scarce. 

Indefatigable metallurgists are constantly work- 
ing—and achieving results—toward bringing new 
metals within the economic sphere. Some of these 
metals are backed up by very abundant reserves. 
Aluminum is, of course, a hackneyed example, and 
magnesium is well on its way. It is worth noting here 
that the last-named metal is produced most cheaply 
from an inexhaustible source, sea water. Now also, 
we have titanium showing such promise that prudent 
industrialists are spending millions of dollars to has- 
ten its economic applications. 

The development of new metals presents challeng- 
ing tasks to an army of metallurgists who are delving 
into ways of producing them more cheaply, alloying 
them more usefully, and equipping industry to apply- 
ing them more effectively. In modern society no one 
man has more than a small segment of this extremely 
ramified job, and the blind experimental alleys vastly 
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outnumber the roads by which progress is achieved. 
Nevertheless, to participate in bringing new materials 
to the workshops (and thus enabling industry to make 
new offerings of better living to more people) is cer- 
tainly an inspiring basis for a career. 1 wish only that 
the benefits of these accomplishments could be more 
widely utilized. In too large measure, it seems to me, 
we become the slaves, rather than the beneficiaries, 
of the system we are creating, or waste the advantages 
placed at our disposal in mere time-killing amuse- 
ment, to say nothing of our aptitude for using the ac- 
complishments of science and engineering for de- 
structive purposes. 

The plastic and glass industries are also making 
important contributions toward offering substitutes 
for many applications of the metals. These items are 
already in such common use that it is superfluous to 
recite specific examples. 

Thus, we can look to the metallurgists and other 
technologists to cushion our economy against short- 
ages by developing substitute materials that will 
enable us to use dwindling supplies of the metals, if 
they occur, for the more essential uses. If there is any 
fundamental cause for concern over resources, it lies 
in pollution of the atmosphere, in water supplies, or 
in the depletion of soil and phosphates. These items 
may become limiting factors to human growth in due 
time. However, more effective conservation of these 
resources can greatly postpone the day of reckoning. 

Then, there is the role the prospector and miner 
can play in discovering new mineral reserves. I use 
these terms rather than “geologist” and “mining en- 
gineer” because I think we are too inclined to empha- 
size technically trained personnel in this activity, 
without realizing that a large share of the accom- 
plishment, probably the major part, is due to people 
whose equipment is essentially common sense, ex- 
perience, or managerial skill. Most informed people 
believe that there must be more economic minerals 
undiscovered than discovered. Nobody knows how 
far the new type of geologist, heavily fortified with 
physics and chemistry, may push extrapolative ge- 
ology, or how effectively geophysical and geochemical 
prospecting may disclose concealed deposits. On the 
other hand, considering the depths to which mining 
is pushed and the extent to which we continue to re- 
work and exploit old districts, it would be rash to 
predict when well-mineralized areas will be finally 
exhausted, 

We now come to a factor in this picture which, 
although simple and self-evident, is usually over- 
looked in discussions of depletion and its effect on 
human progress. This factor is price, and its impact 
on activity. Often there seems to be too much con- 
sideration of technological accomplishment without 
weighing the strong control exercised by prices. We 
should have much fewer chances to apply new ma- 
chines and methods in industry except for the insist- 
ence of workmen on higher and higher prices for 
their labor. Indeed, I fear that the increased output 
per worker which has been achieved during and since 
World War II may result in serious social problems 
before very long. 

(Continued on page 170) 
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Assistant Treasurer for 
Alumni Association 


‘NANIMOUSLY and enthusiastically the Execu- 

tive Committee of the Alumni Association, at its 
meeting on November 28, voted the appointment of 
Madeline R. McCormick to the new post of assistant 
treasurer of the Association. This action requires cer- 
tain changes in the bylaws of the Alumni Association 
as stated in the report of the Council meeting pre- 
sented in this issue of The Review. When these 
changes are voted by the Alumni Council at its Janu- 
ary meeting, the new post will be effective and retro- 
active as of January 1, 1950. 

Educated in the public schools of Portland, Maine, 
Miss McCormick was first associated with the Insti- 
tute in 1919 in the office of the Educational Endow- 
ment Fund which was then under the direction of the 
late Merton L. Emerson, ‘04. A year later, she joined 
the staff of the Alumni Association and beg gan her re- 
cordings of the financial accounts of the Association 
and The Technology Review. Walter Humphreys, ’97, 
Secretary of the alumni organization at that time, was 
the first of many officers of the Alumni Association 
with whom she worked. 

Celebrating 30 years of loyal and capable service 
to the Association, Miss McCormick’s continuous 
presence has been a helpful guide to the many who 
have held office, and particularly to the individuals 
who have been secretary and treasurer. On this roster 
are: Orville B. Denison, ’11, Secretary-Treasurer who 
succeeded Mr. Humphreys; President Killian and 
Ralph T. Jope, ’28, who acted as treasurer in 1928 and 
1938, respectively; John O. Holden, ’24, Secretary in 
1929; Laurence P. Geer, ‘15, Secretary in 1930; the 
late Professor Charles E. Locke, ’96, Secretary from 
1931 until his death in 1948; and the present Secretary 
and Treasurer, Donald P. Severance, ’38. ; 

For several years, in addition to her accounting 
duties, Miss McCormick has been in charge of the hs 
tails of operation and the personnel of the Alumni 
Office. A calligrapher of distinction, and a person of 
sound judgment based on experience, the Alumni As- 
sociation welcomes her as the first appointee to this 
new post. 


Changes in Bylaws 


EMBERS and guests numbering 119 persons at- 

tended the second meeting of the season, and the 
271st meeting of the Alumni Council, which was held 
in the Graduate House on November 28, 1949. C. 
Adrian Sawyer, Jr., 02, President of the Alumni As- 
sociation, presided. During the business portion of 
the meeting it was reported that 10 members of the 
Faculty and Alumni Council had visited 13 M.L.T. 
Clubs from Brunswick, Maine, to Havana, and as far 
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west as Kansas City, Mo. Henry B. Kane, 24, Director 
of the Alumni Fund, announced that “as of November 
25, some 8,300 Alumni had contributed a total of al- 
most $126,000 to the current fund. In numbers this 
is somewhat less than last year at the same time; in 
amount, the same.” 

Parke D. Appel, 22, chairman of the Committee on 
Assemblies, reported that the Midwinter Meeting for 
the Alumni in Metropolitan Boston would be held in 
Walker Memorial on Saturday, February 4, 1950. 

The Executive Committee recommended to the 
Alumni Council two changes in the Alumni Associa- 
tion bylaws, as follows: 


Insert a new Article IX to read: 


In addition to the officers of the Association provided 
for in Article III, Section 1, of the Constitution, the Ex- 
ecutive Committee may appoint an Assistant Secretary 
and an Assistant Treasurer, who shall not be members of 
the Executive Committee. These additional officers of the 
Association shall serve subject to the pleasure of the Ex- 
ecutive Committee and perform such administrative 
duties as may be prescribed from time to time. Eligibility 
for appointments thereto shall not be restricted to the 
membership of the Association. 


Renumber as Article X the present Article IX which 
reads: 

The Bylaws may be amended at any time by a majority 
vote of the full membership of the Council, provide od 
thirty days’ notice of such amendment has been given 
through publication in The Review or by mail to the full 
membership of the Council. 


This recommendation for changes in the bylaws 
could not be voted on at the Nove wake -r Council meet- 
ing, and since there will be no December meeting, be- 
cause of the Christmas holidays, they will be voted 
on at the January, 1956, meeting of the Alumni Coun- 
cil. 

Malcolm G. Kispert, 2-44, Administrative Assistant 
to President Killian, presented a résumé of recent de- 
velopments at the Institute. He announced that a stu- 
dent convocation would be held in the Rockwell Ath- 
letic Cage on December 5 at which President Killian 
would acquaint the student body with the Institute's 
Development Program, Nathaniel McL. Sage, °13, 
Placement Officer at M.I.T., would speak on student 
placement, and Vannevar Bush, ’16, President of the 
Carnegie Institution of Washington, would address 
the students on “The Essence of Security,” which ap- 
pears on page 147 of this issue. Mr. Kispert announced 
plans for the dedication of the supersonic wind tunnel 
at M.I.T. He also reported that Norman B. Champ, 
‘50, had been named student chairman for Open 
House activities to be held next spring. Mr. Kane was 
named chairman of the Staff Advisory Committee for 
Open House. 
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M.L.T. Photos 
General view of the Naval Supersonic Wind 
Tunnel at M.1.T. (above) which was dedicated 
on December 1. Observations of models in the 
high-speed air stream are made through a cir- 
cular window in the cover of the test section, 
shown in the center of this illustration, whereas 
all operations are controlled from the console 
in the foreground. A graduate student (at right) 
operates a plug valve at the end of the test sec- 
tion of the wind tunnel capable of producing 
velocities up to four times that of sound propa- 
gation in air, or close to one mile per second. 


Harold L. Hazen, 24, Head of the Department of 
Electrical Engineering, then introduced the speaker 
of the evening, Professor Harold E. Edgerton, '27, of 
the same Department, who discussed and demon- 
strated the operation and uses of flashlight photog- 
raphy and stroboscopic light. The demonstration in- 
cluded the stopping of bullets in flight and the photo- 
graphing of the various stages of the collapse of 
balloons, using the Land camera which provides 
prints within a minute after exposure. By means ot 
slides, Professor Edgerton showed examples of the 
use of flash photography in sports, nature, the dance, 
projectiles in flight, and in the recording of such 
events as the rodeo and circus. 


Supersonic Wind Tunnel Dedicated 

“HE largest wind tunnel at any university for re- 
‘| search on problems of high- spe ed flight was dedi- 
cated on December 1, at ceremonies marking comple- 
tion of the Naval Supersonic Laboratory at M.LT. 
The tunnel, constructed under the auspices of the 
Navy Bureau of Ordnance, is designed to provide 
speeds ranging from 1.2 to 4 times that of sound — 


JANUARY, 1950 


up to 3,000 miles per hour; and during the dedication 
it was successfully operated at a speed twice that of 
sound. 

Speakers at the dedication program included: Rear 


Admiral Albert Noble, ’23, Chief of the Navy Bureau 
of Ordnance; James R. Killian, Jr., ‘26, President of 
the Institute; Jerome C. Hunsaker, ‘12, Head of the 
Department of Aeronautical Engineering; Edwin G. 
Schneider, Director of M.I. T. ’s Project Meteor; and 
Professor John R. Markham, ’18, Director of the Labo- 
ratory. Hugh L. Dryden, Director of Research, Na- 
tional hia Cc ommittee for Aeronautics, was the 
principal speaker at a luncheon in the Graduate 
House following the opening ceremonies. Guests at 
both events included high officials of the Navy, Air 
Force, Army, aircraft industry, and several educa- 
tional institutions. 

The Naval Supersonic Laboratory, including build- 
ing, wind tunnel, and associated instruments, repre- 
sents a capital investment of $2,600,000. It marks a 
substantial increase in the laboratory facilities of the 
Institute, Dr. Killian reported, and will be devoted 
to both fundamental research and education. 








One of the Institute’s newest and finest buildings, the Charles 
Hayden Memorial Library, is being completed in progressive 
steps. In August, the Departments of English and History, 
Economics and Social Science, and Business and Engineering 
Administration moved into a wing expressly designed to house 
those educational activities in the field of the humanities. 

The second stage in the completion of the library occurred 
on November 18, when, as shown here, the first books of the 
English and History Library were moved from Walker Memo- 
rial to the first dali room to be completed in the new Hay- 
den Library. 

Taking part in the simple, informal opening of the new read- 
ing room are: Professor Howard R. Bartlett, Head of the De- 
partment of English and History (seated); Robert E. Booth, 
Associate Librarian, watching the books being stacked; and 
Vernon D. Tate, Director of Libraries, in conversation with 
Professor Bartlett. Transfer of approximately 16,000 books was 
made during the week end, and the new reading room was 
opened for student use on November 21. Already it has proved 
to be a popular reading room for recreation and study by 
M.1.T. students. 

The remaining portions of the library are still under con- 
struction, but are expected to be completed during the late 

winter. The library will be formally dedicated next spring. 





Admiral Noble expressed the Navy's confidence 
that the new laboratory will serve science as a tool to 
extend the frontiers of human knowledge, and that 
it “will inspire future generations of students to more 
intensive study and assure our country leadership in 
the field of aeroballistics.” 

“The tunnel,” he said, “represents the most ad- 
vanced design in our present thinking. It is one unit 
in a great nationwide complex of laboratories and 
plants engaged in devising and in making the 
weapons with which the Army, the Navy, and the Air 
Force will defend our country.” 

Professor Hunsaker reported that the Naval Super- 
sonic Laboratory will be used for testing scale models 
of supersonic missiles and components, and for re- 
search to obtain basic aeroballistic information. Re- 
sults of the research completed in this wind tunnel 
should make possible improvements in high-speed 
missiles and aircraft of both piloted and automatically 
guided types. An extensive training program for ad- 
vanced students at the Institute will be undertaken 
in conjunction with the laboratory’s research. 

The test section of the new wind tunnel, where 
models are studied in the high-speed air stream cre- 
ated by the machine, measures three square feet (18 
by 24 inches). By changing the density of the air pass- 
ing through the test section, conditions of guided 
missile and airplane flight at high altitudes can be 
duplicated. The wind tunnel is capable of sustained 
high-speed operation and is therefore suitable for 
the study of problems which require equilibrium con- 
ditions, Professor Markham pointed out in a brief 
description of the tunnel and its auxiliary control 
mechanisms. 

The wind tunnel is a huge closed steel channel, 
through which very dry air is circulated by two large 
centrifugal compressors driven by electric motors of 
10,000 total horsepower. The four- -stage compressors 
have been especially adapted for this application to 
a supersonic wind tunnel. The electric power required 
to operate the wind tunnel represents a large fraction 


162 


of the generating capacity of the Cambridge Electric 
Light Company, according to Professor Markham. 
Heat generated by the compressors is removed by 
two large coolers which use water from the nearby 
Charles River as the cooling medium. Approximately 
3,000 gallons of water per minute are divested from 
and returned to the river to cool the various machines 
within the laboratory. 

Supersonic , “ape are achieved by shaping the 
wind-tunnel walls in the vicinity of the test section in 
a certain specified manner, and special nozzles hav- 
ing the proper contours are required. Different 
nozzles are used for different speeds of operation. Air 
temperatures within the test section of the wind tun- 
nel are quite low. At speeds twice that of sound, the 
temperature is — 140 degrees F.; at speeds four times 
that of sound, —335 degrees F. 

Instrumentation available for use with the wind tun- 
nel includes a balance to measure the air reaction on 
the models and an optical system to show visually the 
shock waves and flow patterns which surround 
models in the supersonic air stream. 

The wind tunnel and laboratory are under the ad- 
ministration of the M.1.T. Department of Aeronauti- 
cal Engineering headed by Professor Hunsaker. The 
design of the wind tunnel, the wind-tunnel balance 
system, and other items of instrumentation were 
under the direction of Professor Markham. The Jack- 
son and Moreland Company, consulting engineers of 
Boston, had charge of the execution of the project. 

Design of the wind tunnel was undertaken in De- 
cember, 1946, and actual procurement of equipment 
was initiated in the spring of 1947. Construction of 
the buildings started with the ground breaking by 
Vice-Admiral George F. Hussey, Jr., then Chief of 
the Bureau of Ordnance, on M.I.T. Alumni Day, June 
14, 1947. Personnel of the laboratory occupied the 
building in June, 1948. Installation of machinery, 
equipment, and instrumentation has require od the in- 
tervening time. 

(Continued on page 164) 
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BUSINESS IN MOTION 





, rn CrLeagues on Pp aie... 


One of the many good qualities of copper is its ability 
to withstand a great deal of cold working without 
injury. Nevertheless, rolling, drawing, stamping and 
similar operations do increase the hardness of the 
metal. If enough of this cold work is done, it becomes 
necessary to anneal it, that is, heat it to the proper 
temperature to relieve the internal stresses and per- 
mit the metal to become ductile again, ready for addi- 
tional forming operations. 

Annealing is expensive, because it requires accu- 
rately controlled heat and skilled 


saving amounts to over $10,000 a year. There are 
additional savings due to simplified handling in the 
factory. The reduction in the number of anneals also 
seems to have a favorable influence on the economy 
of the finishing operations, including tin plating in- 
side, nickel and then chromium outside. 

To make such a deep draw while holding rejects 
to a minimum requires skill on the part of the cus- 
tomer, plus careful fulfillment of the metal speci- 
fications by Revere. This is said in no prideful spirit. 

There are a great many skillful 





labor. For that reason it is a matter 
of concern to manufacturers, and 
Revere often is asked if it is pos- 
sible to eliminate or at least reduce 
the number of anneals. Frequently 
this can be done. Take the case of 
a coffee pot. No less than five an- 
neals seemed necessary in order to 
produce this quality product. Costs 








manufacturers in all lines, and many 
careful, conscientious suppliers of 
everything from metals to plas- 
tics, textiles to lumber, chemicals to 
paper. The whole point of this par- 
ticular story of the saving of $10,000 
a year poured out of a coffee pot 
~ is that it was accomplished by the 
most thorough kind of collabora- 








were high; could they be reduced? 

The customer’s metallurgist and the Revere Tech- 
nical Advisory Service studied this problem in detail, 
attacking the matter together. When they arrived at 
what seemed to be a promising solution (on paper) 
it was proved out by exhaustive tests. It was found 


‘that by using Revere copper strip in a certain tem- 


per, four anneals could be eliminated. Now, after 
drawing to 734 inches deep, the copper body is an- 
nealed once and for all, then spun into its final 
graceful shape. Based on current production, the 


tion between the maker of the pot 
and the supplier of the metal. It was that joint effort 
that made the saving possible. 

Perhaps you do not make coffee pots. Maybe you 
do not buy copper, brass, bronze, nickel silver, cupro- 
nickel, aluminum, or any other Revere Metals. No 
matter. It may be that if you will take your sup- 
pliers into your confidence in the common cause of 
cost reduction you too will be able to effect sav- 
ings and improve your product, just as happened 
in this case. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 


* * * 
Executive Offices: 
230 Park Avenue, New York 17, N. Y. 
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Dean M. Fuller: 1893-1949 


D EAN M. Futter, Associate Professor of English at 
the Institute, died on November 23, 1949. He had 
been at M.L.T. for two decades. 

A native of Barre, N.Y., where he was born on No- 
vember 20, 1893, Professor Fuller served overseas for 
a year and one-half during World War I. He was 
graduated from Hamilton College in 1920 and im- 
mediately joined the instructing staff at the Institute. 
He was promoted to the rank of assistant professor in 
1928 and became an associate professor in 1938. 

Professor Fuller was widely known among the In- 
stitute’s students for his interest in debating. He had 
served for many years as director of dramatics and 
organized the Dramashop, an undergraduate club. 
He was a leader in the Drama Club of the Faculty and 
for several years gave an undergraduate course in 
dramatics for second-year students. 


Nelson Award to Dr. Compton 


RESENTED annually to that citizen of greater 

Boston who has contributed most in the field of 
public service, Karl T. Compton, chairman of the 
M.L.T. Corporation, was the recipient of the Colonel 
Thacher Nelson Award of the Advertising Club of 
Boston for the year 1948-1949. The medal was 
awarded to Dr. Compton in recognition of his long 
and distinguished career as physicist, educator, and 
humanitarian, during which time he has served his 
community and his country “in war and in peace — 
applying his great talents with selfless devotion in 
the service of his fellow-man.’ 

The medal was accepted for Dr. Compton by 
George R. Harrison, Dean of Science at the Institute, 
at a luncheon at the Hotel Statler on November 15, 
at which James T. Chirurg, ’27, was chairman of the 
day. The award was made to Dr. Compton last spring, 
when Carlton M. Strong of the Rumford Press was 
president of the Advertising Club of Boston. Presen- 
tation of the award was delayed because of Dr. Comp- 
ton’s frequent absence from Boston while serving as 
chairman of the Research and Development Board 
of the National Military Establishment. 


Progress in Automotive Research 


ype new developments in automotive engineer- 
ing at the Institute are expected to help achieve 
more efficient gasoline engines. Fundamental re- 
search on how engines grow, in the M.I.T. Sloan 
Laboratories for Aircraft and Automotive Engines, 
may make it possible to obtain facts about large en- 
gines from studies of very small ones, as mentioned 
in greater detail on page 142. In addition, a dev elop- 
ment of the Institute’s Department of Aeronautical 
Engineering, of a new engine indicator capable of 
very accurate and sensitive measurements on pres- 
sures inside an operating engine, is expected to be of 





great help in efforts to improve engine performance, 

Under the general direction of Professor C. Fayette 
Taylor, ’29, of the Department of Mechanical Engi- 
neering at M.I.T., Sloan Laboratory personnel are ex- 
ploring the effects of size changes in one-cylinder 
engines, seeking to establish the “laws of similitude” 
which may be applicable. The program promises to 
enable designers to predict with precision the changes 
in performance of an engine as its size is changed. It 
will thus provide a quantitative basis for choosing 
designs for greatest fuel economy, lightest weight, or 
minimum size. 

A complementary development at the Institute, 
President Killian reported on November 29, is that of 
the improved high-performance engine indicator per- 
fected by Professor Charles S. Draper, ’26, of the De- 
partment of Aeronautical Engineering, and Yao Tzu 
Li, “38, a research associate in the same Department. 

Although the new instrument applies commonly 
used strain-gauge principles for measuring pressures 
inside an engine, it largely overcomes the defects of 
previous devices. This is accomplished by the use of 
a curved, instead of flat, pressure-recording drum, and 
by refinements in the application and instrumenta- 
tion of the strain gauge itself. 

According to Professor Draper, the new instrument 
developed at M.I.T. is accurate to within 1 per cent 
over a wide range of temperatures, can be used to 
measure large variations of cylinder pressure, and yet 
is sensitive to very sudden pressure changes. Thus it 
makes possible detailed studies of the rapid vibra- 
tions and oscillations of pressure within an engine. 
Tests of the new instrument indicate that greatly im- 
proved performance can be expected. 

Both of these developments serve to underscore the 
importance to industry of the fundamental research 
performed in educational institutions. They empha- 
size the “necessity of maintaining American leader- 
ship in technological education Pn research,” Presi- 
dent Killian declared. 


Unity in Science 


HE fourth annual Arthur Dehon Little Memorial 

Lecture at the Institute was given in Walker Me- 
morial on the evening of November 22, 1949, by Det- 
lev W. Bronk, President of Johns Hopkins University, 
whose topic was “The Unity of the Sciences.” 

The Arthur Dehon Little Memorial Lectureship 
was established by Arthur D. Little, Inc., in memory 
of its founder, and was inaugurated in 1946 with a 
distinguished lecture by Sir Edward V. Appleton. 
Other speakers have been J. Robert Oppenheimer, 
Director of the Institute for Advanced Study, and 
Robert E. Wilson, ’16, chairman of the Board, Stand- 
ard Oil Company of Indiana. 

One of the dynamic figures in American science and 
education today, Dr. Bronk is a graduate of Swarth- 
more College and holds the Ph.D. degree in physics 
from the University of Michigan. Following various 
teaching appointments and a year of study in England 
in 1928, Dr. Bronk organized and led an effective 
group of investigators studying electrical and chemi- 
cal mechanisms of the nervous system. Until 1948 he 

(Continued on page 166) 
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Precision Electric 


D Heat Treat Furnaces 
(Laboratory and Industrial) 


Dry Type 


2) Air Cooled Transformers 
(to 1000 KVA) 


B Constant Current 
Regulators (Static Type) 








Hevi Duty Precision Electric Heat Treat- 

1) ing furnaces are built in a large variety of 

types and sizes — for many heat treating 

operations — with temperature ranges to 

~ 2500° F (1371°C). They are standard pro- 

duction equipment in many national indus- 
trial plants. 


formers with or without tap changing 
switches as well as special transformers for 
special requirements. 


B Hevi Duty Dry Type Air Cooled Trans- 


B Hevi Duty Constant Current Regulator 
(Static Type) for series lighting. To trans- 
form constant potential to constant current, 
using a resonant circuit with patented ex- 
clusive features. A decided improvement 
over any other known type of regulator. 


Write for descriptive bulletins. 
Harold E. Koch '22 President 
Elton E. Staples '26 District Mgr., Cleveland 


HEV DUTY ELECTRIC COMPANY 
HEVISBULY 


HEAT TREATING FURNACES ec ELECTRIC EXCLUSIVELY 
DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 


MILWAUKEE 1, WISCONSIN 
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was director of the Eldridge Reeves Johnson Founda- 
tion for Medical Physics and of the Institute of Neu- 
rology, both at the University of Pennsylvania. 

During World War II, Dr. Bronk made a distin- 
guished contribution as co-ordinator of research in 
the Air Surgeon’s office, and in work on problems in 
the fields of oxygen and vision. Since then, as a mem- 
ber of the United States National Commission for 
the United Nations Educational, Scientific and Cul- 
tural Organization (UNESCO), he has concerned 
himself with international scientific and cultural prob- 
lems. 

Calling for a greater appreciation of “the motives 
and methods of science,” Dr. Bronk told his audience 
that the success of industrial democracy depends on 
developing “a closer unity between the sciences and 
between those called natural and those called social.” 

He said that a discussion of the social implications 
inherent in the development of science is particularly 
timely because of the recent rapid expansion of scien- 
tific activities. Present-day culture, Dr. Bronk pointed 
out, is increasingly dependent upon the products of 
science and technology, and scientists are thus be- 
coming “essential to our social order.” This greater 
relevance of science to modern society tends to make 
scientists focus their attention on quick answers to 
practical questions, a fact which leads to a high degree 
of specialization. 

Dr. Bronk added, however, that the goal of true 
science is more than quick answers to practical ques- 
tions. Quantities of data and many individual solu- 
tions must be correlated for the development of 
broad new concepts. 

“Science can seldom be developed by scientists who 
do not have specialized competence,” continued Dr. 
Bronk, “but more than this is needed for the develop- 
ment of science.” He stated that we need men able to 
“comprehend the broad relevance of detailed facts 
and knowledge and their human implications.” 

Three compelling motives of modern scientists 
were listed by Dr. Bronk: the primary one is curiosity, 
followed closely by the desire to understand and cor- 
relate observations resulting from curiosity and by the 
desire to create something with an ultimate social 
value. He believes that the cultivation of these “is the 
surest guarantee of scientific progress.” 

Dr. Bronk said that the unity of sciences and 
humanities required for the achievement of future 
objectives is to be found “in the common search for 
understanding, in the satisfaction of intellectual in- 
quiry and expression, and in the enrichment of human 
life.” 

Dr. Bronk pointed out that the role of the scientist's 
creative imagination is to form facts and observations 
into knowledge which lays the foundation for further 
discoveries. “To bring order out of chaos and attain 
understanding is one of the great satisfactions for 
which a scientists will gladly spend his life,” he said. 


(Continued on page 171) 
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Engineers pm Wanu acturers 
of 
COMPLETE PLANTS AND EQUIPMENT 


for 
CHEMICAL PROCESS INDUSTRIES 


Fabrication in Stainless and Carbon Steels, Copper, Aluminum, Nickel and Other Commercially Available Alloys: 


ABSORPTION TOWERS, FRACTIONATING COLUMNS, EVAPORATORS, 
HEAT EXCHANGERS, PRESSURE VESSELS, REACTOR VESSELS, 
PRE-FABRICATED PROCESS PIPING, SOLVENT EXTRACTORS, VEGETABLE OIL EXTRACTORS 


,™ 





VULCAN has served the process industries since 1901. Below is a repre- 
sentative list of chemicals processed in Vulcan plants or equipment. 


ALCOHOLS Methanol — synthetic ACIDS Formic acid 4: cde ESTERS Methy! acetate Ethyl acetate 
Methanol — from wood distillation Acetic acid — from wood distillation Butylacetate Vinylacetate Dibutyl phthalate 
Ethanol — industrial grades from molasses and grain — —— yo yea residues 

Ethanol — from sulfite waste liquor Acetic anhydride Propionic acid HYDROCARBONS Butadiene Heptane 
Ethanol — anhydrous, Vulcan process Butyric acid Stearic acid Benzene Toluene Styrene Dipheny] 
Ethyl! alcohol — beverage, neutral spirits GLYCOLS eEthy1 1 1 7 

Isopropanol Allyl alcohol Butanol Seine ee PHENOLS Phenol Naphthol 
ALDEHYDES KETONES ETHERS _ Ethyl ether Isopropyl! ether 
Acetaldehyde Butyraldehyde Furfural Acetone Methyl ethyl ketone MISCELLANEOUS Citronellal Geraniol 
CHLORINATED HYDROCARBONS  Chiorcethane Chlorob Chlorotol DDT Essential oils 





distillation 


evaporation 
ul Ca ni extraction ;, 
processes and equipment 


THE VULCAN COPPER & SUPPLY CO. General Offices and Plant: CINCINNATI, OHIO 


NEW YORK SAN FRANCISCO BUENOS AIRES 
'N CANADA — VICKERS-VULCAN PROCESS ENGINEERING COMPANY. LTD. — MONTREAL 
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INDUSTRY'S 


Pure Water Problems 


ARE SOLVED WITH 


BARNSTEAD EQUIPMENT 


The need for Pure Water by Industry is Basic . . . there 
are hundreds of processes in the chemical, food, pharma- 
ceutical, metallurgical and industrial fields where Pure 
Water plays an important part. But the requirements 
are different. Some need Distilled Water . . . others 
Demineralized Water. That is why Barnstead makes 
both . . . Stills for Pure Distilled Water . . . Demineral- 
izers for Mineral-Free Water. And with over 70 years 
experience, Barnstead Engineers can make the proper 
recommendations for either Stills or Demineralizers OR 
both, to provide the correct daily flow of Pure Water 
to fill your needs at lowest cost. 


DEMINERALIZED WATER 


Chances are that if you 
need high-test mineral-free 
water Barnstead Deminer- 
alizers can save you 
money. For Barnstead De- 
mineralizers produce water 
of far higher purity at 
lower cost with a mini- 
mum of maintenance. 
Whether you need 5 
gallons an hour or 1000 
tead Demineralizer to fit your 
And a Barnstead engineer can 
precisely. Ask for 
No obligation. 





. there is a Barns 


i tly. 
requirements ezac 
“plot” the course of Pure Water 


Barnstead detailed recommendations. 
DISTILLED WATER 


For the production of highest quality 
chemically pure, sterile water — 
For trouble-free, automatic opera- 
tion . . . For distillate of unvarying 
consistency .. - There’s a Barnstead : 
Still to fit your Pure Water needs. woe 
Barnstead Laboratory and Industria 
Water Stills are the proven standard of 
the scientific and industrial world. Barn- 
stead engineers .. . with over 70 years 0 
Pure Water experience .. - the longest = 
the field . . . are ready to assist you wit 


your Pure Water Problems. 








! 
Write for your FREE Water Survey Form Today 


arns 
STILL & STERILIZER CO. 


26 Lanesville Terrace 
Forest Hills 
Boston 31, Mass. 











ESSENCE OF SECURITY 
(Continued from page 148 ) 


tegral whatever. You will read the newspapers and 
the current magazines — for relaxation. When you 
graduate, with the M.L.T. accolade, you will seek out 
a post that pays a salary and affords the maximum of 
security, where promotion is sure and slow, and where 
no one ever got fired who didn’t criticize the manage- 
ment unduly. I am not talking to the small fraction 
who will thus dodge the issue. 

I am talking to those who will be men of influence, 
now and from here out, who have a feeling for the 
game, and a will to live something besides the life of 
the oyster. I speak to those who are neither terrified by 
life, nor lured into wishful thinking regarding a mil- 
lennium. There are many such among you, as the his- 
tory of this institution has proved, who would grapple 
with a tough world, and learn the subtle arts of doing 
so well. There are many among you who are men of 
influence today, and who are preparing to be men of 
great influence tomorrow among your fellows, be- 
cause of your grasp, your courage, your mental power, 
and your integrity. 

There is an unfortunate tendency in this country to 
separate the great and small issues; to take the point 
of view that the large ones are determined in Congress 
and the Executive Establishment and that they are no 
direct concern of the individual citizen, pursuing his 
ordinary affairs within close horizons. Nothing could 
be further from the truth. The characteristics of the 
Federal government, the dignity or the lack of it with 
which we conduct our affairs, internally and in the 
complex relations between nations, the selflessness, or 
its opposite, of our governors throughout our far-flung 
government machine, are but the reflection of the 
character of the people. As the people think, as they 
demand effectiveness or tolerate demagoguery, so will 
our status as a nation evolve. The smallest act of a 
citizen, influencing his friends and neighbors toward 
sanity and far-reaching wisdom, multiplied a million 
times throughout the breadth of this land, can deter- 
mine that the country as a whole will rise in its dignity 
and strength to live in prosperity and peace, and not 
succumb in a welter of petty selfishness and confusion. 
This is the essence of security. 

You men, with the enormous privilege of higher 
training, in an institution of world renown, and thou- 
sands like you throughout this country, you men of 
influence in the coming generation, will determine 
where we come out. You will specify, you men who 
accept the challenge of life, whether we make of this 
free country of ours a country that grows in freedom 
and strength, and whether in that strength it will lead 
the world out of a morass. No one of you will deter- 
mine it all, or even a great part of it, for the world is 
large and complex and the efforts of no single man 
reach far unless he be singularly favored by chance 
and endowment. But each of you who wishes will 
shift the trends a bit, and is shifting them now; and 
together, you of youth who inherit the world, you will 
determine the outcome. I shall probably not be around 
to witness the full result, but I wish you luck. 
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Wherever an electrical measurement provides essen- 
tial information... whether in the manufacture of 
electrical components, the inspection of purchased 
parts or finished products, or in the operation of some 
electrical machine . . . far-sighted buyers specify “me- 
ters by WESTON”. Experienced buyers know that in 
value, and in performance, there is no substitute for 
WESTON instruments. Ask your nearest WESTON rep- 
resentative for all the facts, or write for bulletin A-7-B. 
WESTON Electrical Instrument Corporation, 702 
Frelinghuysen Avenue, Newark 5, New Jersey. 


Albany « Atlanta + Boston » Buffalo » Charlotte « Chicago + Cincinnati + Cleveland Dallas « Denver Detroit + Houston + Jacksonville * Knoxville 
Little Rock * Los Angeles « Meriden + Minneapolis * Newark » New Orleans « New York « Oriande + Philadelphia » Phoenix © Pittsburgh 
Rochester » San Francisco * Seattle * St. Louis © Syracuse Tulsa © in Canada, Northern Electric Company, Ltd., Powerlite Devices, Ltd. 
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MINERALS AND METALS 
(Continued from page 159) 


The prices of the products we produce put definite 
ceilings on industry’s chances to mine lower-grade 
reserves, take exploratory risks, try out new machines 
or methods, or finance research. However, it must be 
admitted that human behavior is illogical enough that 
we make our greatest progress when under pressure 

rather than w hen we are enjoying the most financial 
elbow room. 

The fluctuations characteristic of price also have a 
profound effect on depletion and technical progress. 
Many experiments, whether exploratory, operative, or 
laboratory research, are foregone because of the fears 
of businessmen over price declines. Much ore is left 
in the ground because of selective extraction in 
periods of low profit margins. Indeed, if there is any 
justification for cartelization or state regulation of 
prices, it is because stable prices should encour- 
age orderly extraction, steady mechanization, and 
research programs, thus promoting resource conserva- 
tion. This, however, is a tool which can be overexer- 
cised, as too much protection can destroy the drive 
inherent in our traditional economic system. 

The most interesting aspect of price in connection 
with resource depletion is involved in the question, 
“What can we afford to pay for a given material?” 

There is an absurd side to the fact that a pound of 
valuable, durable re-usable material (such as cop- 


rx ©. 8 ek 


per, lead, or zinc) costs less today than a pound of a 
common, single-use, short-liv ed, easily destructible 
material, such as cotton. 

If the consumer can pay much more than the pres- 
ent price in relationship to other commodity prices, 
as in the case of lead, for example, broad new vistas 
are opened up in the way of exploratory activity, re- 
juvenation of old producing areas, opening of remote 
or low-grade deposits, increased recovery in extrac- 
tion, and scrap return. Also, if a higher price is needed 
to produce substantial quantities of lead, some users 
will drop out of the market. Other dense materials can 
be used for weighting down fish nets or sailboat keels, 
less lead can be used in paints, and substitutions can 
be made in the construction, chemical, and cable- 
covering fields. Thus, a greater proportion of the 
present supply of lead will be available for storage 
batteries and similar dependent users. As for these 
users, startling as it may seem, it is probable that they 
could pay 10 times as much for lead and not be seri- 
ously handicapped. 

The prices we can afford to pay for so-called essen- 
tial materials finally get back to the human energy we 
can afford to devote to their acquisition. It seems ri- 
diculous to say that people who enjoy five-day work 
weeks, in an industrial system that has but few back- 
breaking jobs, cannot pay 10 times the present relative 
price for the lead they need. Probably what they need 
is but a fraction of what they use, and what they use 
represents less than a thousandth of their earnings. 


CHICAGO 


Manufacturers of Railway Equipment used by Railways throughout the world 
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Had they to pay 10 times as much for their needs, 
these would probably still require an imperceptible 
amount of the time now devoted to profitless amuse- 
ment or the expenditures now made for superfluities. 
Until and unless we are back to long work weeks and 
arduous tasks, there seems to be little reason to be- 
come excited over the consequences of depletion. 

The reader may well pose the question: “If you are 
so little concerned over depletion, why are you striv- 
ing to help the United States build up stockpiles s and 
safeguard its future access to raw materials?” The 
point is that it takes a certain amount of time for in- 
dustry to adapt itself to new conditions, and these 
measures are designed to cushion us against being 
caught unprepared over the short term or in an emer- 
gency. Moreover, posse ssion of a resource which the 
other i llow lacks is likely to afford a competitive or 
combative advantage to those who “have” over those 
who “have-not.” The problem diminishes if all are 
equally well off or poor, or are given sufficient time to 
work out alternatives. 

If we can refrain from destroying civilization, or 
making the world a Communist prison, the future I 
foresee is one of continued abundance and variety of 
materials, of slow, almost imperceptible changes to- 
ward using materials backed up by abundant reserves, 
of higher per capita consumption, and greater and 
greater involvement of complicated technology. We 
shall require, and be able to afford, more highly edu- 
cated technical men. We shall receive a greater and 
greater inheritance of knowledge, comfort, and leisure 


from preceding generations, and have more of what is 
commonly called better living. It may be hoped that 
we shall use these benefits as stepping stones to en- 
lightened, fruitful, satisfying lives, to moral and social 
progress, and not become narrow or soft-minded slaves 
to the machines, technologies, ease, and gadgets with 
which we shall be surrounded. 
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Winter Sports Week End 


LEVEN winter sports teams swung into action on 

December 2 as part of the third annual M.LT. 
week-end sports carnival, popularly known as Tech’s- 
a-Poppin. The location of the events alternated be- 
tween the cities of Boston and Cambridge but the en- 
thusiasm of the participants and guests was not dim- 
inished by the time consumed in traveling. 

The gay week end of dances and fraternity house 
parties featured the initial contests of the basketball 
and hockey teams. Technology's varsity basketball 
team began activities on the evening of December 2 
when it opposed the Boston University quintet at ¥ 
Cambridge Armory, losing by a score of 57 to 37; 
freshman preliminary ended with a score of 74 to 40 
in favor of Boston University. 


(Concluded on page 172) 









Economy Non-Clogging 
Sewage Pump 


on Economy Pumps. 





Centrifugal, axial, and mixed flow 
pumps for all applications. 


For complete details on any Econ- 
omy Pump, write Dept. M-3 


Please {ype pump io 
which you are in’ 








Economy Axial 
Flow Pump 


Economy 
Pumps, Inc. 


Division of Homilton-Thomas Corp. 
HAMILTON, OHIO 


Sara 


JANUARY, 1950 


Economy PUMPING makes sound 
sense to engineers who know the dol- 
lars and cents value of trouble-free 
pumping service. To pump longer, at 
lower cost, with less maintenance, rely 


dete canton: ©, eSh 
Complete line includes pressure jebeciog ve 
valves, thermostatic valves, back pressure and 
' relief valves and pump governors, 


For complete details on any Klipfel - 
Valve, write Dept. M.3 j 
Please specify type valve in which 

you ore interested. 






Economy Double 
Suction Pump 
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Grateful thanks from us station attendants to those auto- 
motive engineers who have made the VENTALARM* 
Whistling Tank Fill Signal standard equipment. In 1950 
over a million cars will be equipped. 
It is the only method that protects against all three types 
of spillage: 

1. Blowback 

2. Overfilling 

3. Expansion spillage due to temperature change. 


“Fill till the whistle stops.” 
A great saving of time, temper, car finish and gasoline. 


® Reg. U.S. Pat. Off. 
Manufactured by 


SCULLY SIGNAL COMPANY 
70A First Street, Cambridge 41, Mass 
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In the afternoon on December 3, the varsity and 
freshman swimming meet with Brown took place. 
Brown's varsity team won the meet, 40 to 35, with the 
freshmen ending in a 37 to 37 tie. A rifle match with 
Harvard resulted in a 1,389- to 1,310-point victory for 
Technology's varsity team, and a 872 to 842 score in 
favor of M.I.T. freshmen. Other afternoon events in- 
cluded: a varsity squash match with Dartmouth, with 
an 8 to 3 defeat for M.I.T.; a wrestling match with 
Tufts, with a 22 to 13 win for the Institute’s varsity 
team; and a demonstration by Technology swords- 
men. The week end concluded with a Harvard-won 
hockey game. 


——— ——a ? 


KENmonre™ 6-2595 
Louis K. FRANK Co. 
Advertising 


132 Newsury STREET 
Boston 16, MASSACHUSETTS | 


Louis K. Frank 34 






































2 
GAS... LIQUID. . . SOLID (Dry Ice) 


THE LIQUID CARBONIC CORPORATION 
3100 South Kedzie Avenue, Chicago 23, Illinois 





U. Ss. A. 


28 Producing Plants 
More than 50 Distributing Points 


CANADA 


Halifax to Vancouver 


OVERSEAS 


England, Cuba, Mexico, Venezuela, 
Colombia, Trinidad, Brazil 








This Geared Layer is 


ONE OF MANY 
SPECIALIZED H-D MACHINES 


FOR THE ROPE, TWINE & ALLIED INDUSTRIES 


@ It produces a balanced construction of various plies of 
yarn-strands or wire-bunches. Built in many sizes, and 
adaptable to various numbers of plies, finished diameters 
and lengths of finished work. + Haskell-Dawes machines 
for the twisting and laying of yarns, cords and rope 
reflect over eighty years specialized experience. Whether 
you process jute, hemp, flax, asbestos, manila, cotton, 
synthetics, wire or paper, Haskell-Dawes machinery 
can help you increase production, improve quality, 
lower costs. Write today to Dept. T-3 for technical 
bulletins. 


HASHELL-DAWES 


MACHINE COMPANY, Inc. 
2231 E. Ontario Street 
PHILADELPHIA 34, PA. 
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HOW TO GET YOUR NEW PRODUCT 


Rolling tir a Fate f 


BEST WAY... is to let Taft-Peirce help you over the hump. 
Here you'll get the fast tempo you want on designing... 
tooling ... even manufacturing, if you like. And this is im- 
portant... you'll get the fresh point of view of engineers 
and production men, experienced in similar problems for 
hundreds of other companies. This may well result in valu- 
able improvements in your product ...in faster, more 
efficient production . . . in lower costs. 


WE'LL DESIGN IT...Start from scratch with a basic idea. Or 


REDESIGN IT... from your present models in cooperation with 
your engineers. 


BUILD YOUR PILOT MODELS...Carry the project right up 





through the pilot model stage. Test it under gruelling 
conditions to give you a working prototype. 


HANDLE THE TOOLING...Design and build the entire tool 
program. Deliver everything to your plant ready for your 
production line changeover. No reworking of tools on 
your part, either. 

PRODUCE IN QUANTITY...If your plant can’t, or doesn’t want 
to, handle the job, we'll produce for you as long as you 
wish—in small lots or by the carload. 

Write for our 82 page illustrated Contract Service Booklet: 
“Take It To Taft-Peirce.” The Taft-Peirce Manufacturing 
Company, Woonsocket, R.I. 


For Engineering, Tooling, Contract Manufacturing 


TAKE IT TO TAFT-PEIRCE 
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In New York: 
Fifth Avenue 
at 4lst Street 


AN OLD AND FAMILIAR STORY WITH A 
SIGNIFICANCE THAT IS ALWAYS NEW 


We hope that you will pardon us if you 
have heard this story before... but we can 
never tell it too often: 

As Makers-and-Merchants-in-one, we buy 
our own woolens direct from the finest mills 
in America, England and Scotland. 

We cut Rogers Peet Clothes on the patterns 
of our own Master-Designer. We hand-tailor 
them to the highest standard in the industry, 
in our own workrooms. We sell them direct 
over our own label. 

Every superiority we put into them, every 
advantage you gain at every step of the way, 
adds up to the Style-Distinction, Lasting 
Workmanship, and Outstanding Value so 
characteristic of Rogers Peet. 


Makers-and-Merchants-in-one since 1874. 

Rogers 2 
Fas puny 
Makers of fine olher 


Warren Street 
at Broadway 


Thirteenth St. 
at Broadway 





And in Boston: 
Tremont St. 
at Bromfield Sc. 
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TWENTIETH CENTURY MID-POINT 
(Continued from page 157) 


America. The first half of the Twentieth Century has 
seen a remarkable evolution of transportation meth- 
ods: tanks and tractors, airplanes, Zeppelins, heli- 
copters, submarines, and rockets have crawled, flown, 
floated, buzzed, swam, or flashed across its stage. But 
as a sociological force the automobile has no peer. 
In 1900 the train was virtually the only rapid means of 
long-distance passenger travel. Passenger miles per 
capita in this country amounted to about 210 an- 
nually from this source, though a significant but un- 
known amount of traveling was still done on or behind 
a horse. In 1950, it takes almost as much money to 
stable a riding horse in a iarge city as it does to rent a 
small apartment. American passengers now travel, 
by steam or Diesel railroads, electric railways, busses, 
commercial air lines, and private automobiles, about 
651,424,000,000 miles per year to establish a per capita 
travel account of 4,650 miles (in 1945). Of this 1945 
total, the automobile accounted for almost exactly 
two thirds, although private driving was still re- 
stricted by wartime exigencies. Although still far be- 
hind other forms of travel in number of passenger- 
miles, travel on domestic commercial air lines multi- 
plied about fiftyfold between 1926 and 1945. 

Perhaps the most significant over-all measure of 
progress that can be found is in education, although 
as far as quality goes there is hardly a more difficult 
subject to evaluate. Be that as it may, there has been 
a great increase in the number of college students, 
although between 1900 and 1940 the percentage of 
the total population in school did not greatly alter. 
(In this connection it is interesting to speculate 
whether the increase in the span of life has not been 
one of the factors that has encouraged and justified 
longer periods of education for our young men and 
women.) In any case, the enrollment in institutions 
of higher learning grew from 237,590 in 1900 to 2,338,- 
000 in 1947, almost a tenfold increase for a population 
that increased by 97 per cent during the same period. 
As for technical education, the number of engineers 
in this country in 1890 was 27,000. Today it is over 
350,000, to which total M.I.T. has contributed about 
40,000 Alumni. In the 1900's the colleges were gradu- 
ating a few thousand engineers annually. Current 
postwar graduating classes are in the neighborhood 
of 30,000 to 40,00 per year, and a steady flow of per- 
haps 20,000 per year is expecte »d when enrollment 
stabilizes. 

In the field of technical education, it is interesting 
to recall the growth of M.I.T. during the last five dec- 
ades. In 1900, there were 1,178 students and an 
active teaching staff of 172, representing an average 
of 6.9 students per instructor. In 1949, the student 
body had increased to 5,433, and the teaching staff to 
747, with an average of 7.2 students per staff mem- 
ber. Thus, it is clear that the extent of individual at- 
tention which the M.LT. student received did not 
suffer in the period in which there was more than a 
fourfold increase in the student body. On the finan- 
cial side, Institute operations were $356,000 in 1900, 
as against $7,000,000 in 1949. Tuition fees during the 

(Continued on page 176) 
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"These specifications added up 


to just one career..." 


I wenr from the University of Tennessee directly 
into the Army. And after the war ended, a lot of 
serious thinking convinced me that the life work I 
wanted to follow would have to offer three things: 

First, a business of my own, preferably one dealing 
with people I'd enjoy serving; second, a business that 
would provide genuine personal satisfaction as well 
as a living, and third, one that would increase my 
income in direct proportion to my ability and willing- 
ness to work. 

These specifications added up to just one career — 
life insurance. The next step was to choose a com- 
pany. So I talked with nine different organizations, 
and out of this survey three factors emerged to help 
me decide on the New England Mutual. The first 
factor was the caliber of New England’s men here 
in Memphis. The second was the company’s out- 
standing training program, and the third, the recom- 
mendations of several successful business men. 

So, in February, 1946, I joined New England 
Mutual. During my first year I completed two ex- 
acting training courses and sold a creditable volume 
of life insurance. Trips to company meetings intro- 
duced me to the company’s friendly and able nation- 
wide organization, increased my proficiency, and 
added greatly to the enjoyment I get out of my work. 

Now, thanks to the knowledge of the business I 
have acquired, I am getting solid satisfaction out of 
serving a steadily growing clientele, and am earning 
considerably more than I could have earned else- 
where on a salary. 


P (ohm Retgou’ ro 


Recent graduates of our Home Office training course, 
although new to the life insurance business, earn average 
first-year commissions of $3600 — which, with renewal com- 
missions added, brings the total yearly income average to 
$5700. From here, incomes rise in direct proportion to each 
individual’s ability and industry. 

If you'd like information about a career that gives you a 
business of your own, with no slow climb up a seniority 
ladder and no ceiling on earnings, write Mr. H. C. Chaney, 
Director of Agencies, 501 Boylston Street, Boston 17, Mass. 


THE NEW ENGLAND MUTUAL LIFE INSURANCE COMPANY 


JANUARY, 1950 





John Phillips 111 and family, Memphis, Tenn. 








These M husetts Institute of Technology men are New England 
Mutual representatives: 





Raymond P. Miller, ‘18, Salem 
Arthur C. Kenison, '19, Boston 
Blaylock Atherton, '24, Nashua 


They can give you expert counsel on “Living Insurance’ —a 
uniquely liberal and flexible life insurance program tailored to fit 
your family’s needs. 


175 








The Cambridge Record- 
ing Gas Analyzer continuously 
analyzes and records as many as six con- 
stituents of a gas. Eliminates intermit- 
tent, slow and expensive manual gas 
analysis. Accurate . . . Sensitive .. . Sim- 
ple. No moving parts; utilizes thermal 
conductivity principle. 

Makes possible substantial savings 
in the operation of kilns, production 
of inert gases, and in metallurgical, 
petroleum, and other chemical proc- 
esses. Single- and Multi-point instru- 
ments are available for a wide variety 
of applications. 


Send for literature mentioning application 


CAMBRIDGE 


INSTRUMENT COMPANY, INC. 
3707 Grand Central Terminal, New York 17 
Pioneer Manufacturers of 


PRECISION INSTRUMENTS 














ARTISAN 
METAL PRODUCTS INC 
EQUIPMENT FABRICATORS 


WALTHAM 
MASS, - USA 






THE HALLMARK 
af 
SUPERIOR 
EQUIPMENT 





























Artisan engineers and work- AUTOCLAVES 
men are skilled in the: techniques 
of metal working. Their com- 
bined knowledge and experi- 
ence in engineering and building 
special equipment and machinery 
have been of value to many 
leading mechanical and process 
industries. 

Write for a copy of “Process 
Equipment”. For a qualified engi- MIXERS 
neer to call to discuss your equip- 
ment requirements, telephone 
WaAltham 5-6800 or write to: — 
James Donovan, '28, General 
Manager. 


CONDENSERS AND 


HEAT EXCHANGERS 


DISTILLATION 


EQUIPMENT 


EXPERIMENTAL 


EQUIPMENT 


EVAPORATORS 


JACKETED KETTLES 


PIPE, PIPE COILS 


AND BENDS 


REACTORS 





SPECIAL MACHINERY 


TANKS 


r eV ay mera PRODUCT, INC. 


73 POND STREET, WALTHAM, (Boston 54) Mais. 
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TWENTIETH CENTURY MID-POINT 
(Continued from page 174) 


same period increased from $200 to $700 (and now 
stand at $800) per year, but in no year in the Institute's 
history has tuition covered the average operating 
expense per student, which figure stood at $301 
1900 and almost $1,300 in 1949. 

In all of the above there has been little direct men- 
tion of the sciences, the source from which most of 
these trends and accomplishments have been derived, 
and which is now determining the shape of our ma- 
terial well-being for the next 50 years and more. Only 
the future will be able to judge the most significant 
findings of the last 50 years of science. It may very well 
be the discovery of the gene, or the rise of the large 
digital computers, or some far more obscure theory or 
happening. But there is no escaping the fact that, 
the public mind, the dominating science today is 
nuclear physics. Chemistry might have held that 
honor prior to World War I, and astronomy still 
earlier. However, the concrete and blasting ev idence 
of the atomic bomb. that the unbelievable theories and 
incredible findings of the atomic physicists were true, 
has given that field the funds and stimulus to under- 
take the most gigantic building program that science 
has ever seen. Physics, long accustomed to working 
with the most massive equipment of any science ex- 
cept astronomy, is now its own expanding universe. 
To a population that has just dimly begun to compre- 
hend what a cyclotron is and does, comes the news 
that physicists are building, or have completed, among 
other similar items, a 300,000,000 electron-volt beta- 
tron, a 300,000,000 electron-volt synchrotron, and a 
1,400,000,000 electron-volt bevatron. All are “atom 
smashers,” or more specifically, means for accelerating 
various ultimate particles of matter to very high 
speeds so that they may become tools for exploring 
the nuclei of atoms and for creating, destroying, 
and manipulating their components. (Many of these 
devices owe their extraordinary accelerating abilities 
to the use of huge accurately timed pulses of high- 
frequency energy, a technique that was developed by 
the wartime need for long-range radars. 

One could go on at length about Twentieth-Cen- 
tury inventions in weapons, poison gases, extraordin- 
ary sensing devices, such as radar, sonar, and infrared 
detectors, proximity fuses, jet and rocket propulsion, 
and so on. Along with their vast implications for 
death and evil are a few other facts selected at ran- 
dom. Radar equipment, whose genesis helped in 
creating our present particle accelerators — which 
in turn may lead to bigger atom bombs or an inex- 
haustible source of power for the good of mankind — 
is also being used on merchant ships and tugboats to 
hurry the flow of commerce, and several are pointed 
at the heavens, studying the real music of the 
spheres and collecting new data on meteors. Radio- 
active isotopes from the reactors of the Atomic En- 
ergy Commission are being shipped in such large lots 
into so many different industries and laboratories 
that the technical, and even the news, press is begin- 
ning to bristle with articles on their use and handling. 
In at least one important field, that of biochemistry, 
these easily traceable elements have been called the 
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most useful tool available to the investigators. Another 
science, meteorology, which even more than biochem- 
istry has good cause to identify itself almost exclusive- 
ly with the past 50 years, has found the long-range 
artillery rocket, currently in the shape of the German 
V-2, a useful instrument in exploring the upper atmos- 
phere —a region about which information has been 
growing rapidly since the invention of radio. The 1947 
Nobel prize for physics, incidentally, was awarded to 
Sir Edward V. Appleton for his work on the ionized 
layers lying above the stratosphere, although the pos- 
sibility of such a layer was recognized by another 
Englishman, Oliver Heaviside, in 1902. 

But to turn from this digression, Hideki Yukawa last 
year also became a Nobel prize winner, for the pre- 
diction, made three years before its confirmation as 
the result of cosmic-ray studies, that there must exist 
a particle of matter known as a meson. This incident 
recalls a nearly parallel affair that began when Ruther- 
ford in 1920 predicted the existence of the neutron, a 
particle that was discovered, also from cosmic-ray in- 
vestigations in 1932. Is the shortened time scale of the 
later event significant of a faster pace in nuclear re- 
search? 

These two brilliant predictions bring to mind a simi- 
lar achievement of the human intellect that stirred the 
Nineteenth Century, and caused many to call it the 
most distinguished scientific triumph of that period. 
By calculations based on the slight perturbations of 
the planet Uranus, John Couch Adams deduced, about 
1845, that there must exist beyond that orbit another 
planet. A year later Leverrier independently came to 
the same conclusion. He sent his findings to a German 
astronomer, who, within 30 minutes, found the planet 
Neptune. Yet, for all its brilliance, this accomplish- 
ment was overshadowed in fundamental importance 
by Darwin’s statement of the theory of evolution. 

For all its brilliance, has Twentieth-Century science 
yet produced a concept of comparable significance? 

Perhaps it already has. In this period have been de- 
veloped Einstein's theory of relativity, Planck’s quan- 
tum theory, the conceptions of such men as Bohr, de 
Broglie, Dirac, and Rabi. With his first differential 
analyzer, Vannevar Bush, ’16, opened the modern era 
in automatic calculating machines, with the present 
digital computers and their memory circuits begin- 
ning to suggest the possibility of approaching the 
human mind in complexity and power. Possibly the 
development of huge research organizations and tech- 
niques which are able to bring teams of highly trained 
specialists together to solve a given problem may be 
the outstanding achievement of the past half century. 
Or is it the biological discoveries associated with the 
name of Thomas Hunt Morgan — the knowledge gath- 
ered about the actual mechanism of heredity — that 
will prove in the end to be the most powerful force yet 
unleashed on mankind? The last few decades have 
opened entire new chapters in medicine and in the 
knowledge of the chemistry of life. The secretions of 
the various body glands have been studied and ap- 
plied in startling fashion. Purified, and even synthetic, 
vitamins have come into general use. Chemical drugs 
of miraculous powers, the sulfanilamides, have ap- 

(Concluded on page 178) 
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SIMPLEX-ANHYDROPRENE CABLES 


@ Lightweight, small-diameter cables that promise low- 
cost, trouble-free service as underground primaries and 
secondaries, as transformer leads and pole line risers, 
in signal and control circuits, and when used for plant 
and shop and instrument wiring. 

Consist only of a coated copper conductor, Anhydrex 
insulation, and a thin neoprene jacket. 

Anhydrex insulation assures high dielectric strength 
and exceptional stability in wet locations. The neoprene 
jacket provides protection against rough handling, oil, 
grease, corrosive chemicals, light, heat and flame. 

Get detailed information plus specification data by 
writing today for Bulletin 115. 


SIMPLEX WIRE & CABLE CO. 
79 Sidney St., Cambridge 39, Mass. 














Reg. U. S. Pat. Of. 


Samson Cordage Works 


Boston 10, Mass. 


Manufacturers of braided cords of all kinds, in- 
cluding sash cord, clothes line, trolley cord, 
signal cord, shade cord, Venetian blind cord, 
awning lines, etc., also polished cotton twines 
and specialties. 


SPOT CORD 


Reg. U. S. Pat. Of. 





Our extra quality sash cord, distinguished at a 
glance by our trade-mark, the colored spots. Es- 
pecially well known as the most durable mate- 
rial for hanging windows, for which use it has 
been specified by architects for more than half 
a century. 
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TE POWER 
age TEAMW ORK 


with Gondo’ Whipcord V-Belts 


Manhattan pre-stretches the continuous wound Whipcord strength 
member during the manufacture of Condor Whipcord V-Belts. 
This reduces inelastic stretching on the drive to a minimum. 
Therefore, every belt remains taut and pulls its share of the 
load. Whether your drive uses 2 belts or 22, you can depend on 
good V-Belt teamwork with Condor Whipcord V-Belts. 


Manhattan also manufactures Non-Spark and Oil-Proof V-Belts. 
Bulletin 6868-B gives you more details. Send for your copy now. 


RAYBESTOS-MANHATTAN wc. 















WVANHATTAN RUBBER DIVISIOK + PASSAIC, NEW JERSEY 


TWENTIETH CENTURY MID-POINT 


(Continued from page 177 ) 


peared, to be followed immediately by still more mir- 
aculous antibiotics, such as penicillin and streptomy- 
cin. There is no more precious possession, no more 


valuable resource, than life itself, and in these past five 
decades nearly a score of years have been added to the 
span of the average individual’s existence. 

To every name and achievement that have been 
listed in these few thousand words, the reader can add 
his own, and probably better justified, selections. It 
could not be the aim in such a brief discussion to do 
more than suggest the richness and variety of this pe- 
riod. Wallace, who with Darwin, was first to glimpse 
the framework of evolution, called the years between 
1800 and 1900 the “wonderful century.” The pace 
since then, has much more than doubled, and the ef- 
fects continue to spill over into the realms of econom 
ics, sociology, and history. Science is part of that party 
to which Victor Hugo belonged and which he de- 
scribed in autograph on a wall of the room in which 
he died, in terms that have been hammered home by 
two bitter World Wars, as 


. a party which does not yet exist: 
the party of revolution, civilization. 
This party will make the twentieth century. 
There will issue from it first 
the United States of Europe, then 
the United States of the World. 





vere conditions. They are made in two standard types. 


braid. 





to 50.000 volts. 


TYPE NO. O.D. Conductor 
PFCV-600-22 .080” #22 7 stds. 
PFCV-600-20 .090” #20 7 
PFCV-600-18 - 100” #18 16 
PFCV-600-16 -110” | #16 19 
PFCV-600-14 -120” #14 19 
PFCV-600-12 .140” #12 19 
PFCV-600-10 -170” #10 37 
PFCV-600-8 .220” # 8 133 
PFCV-600-6 -260” # 6 133 
PFCV-600-4 .320” #4 133 
PFCV-600-2 .390” = 2 133 
PFCV-2500-20 135” #20 7 
PFCV-13000-14 .220” #14 41 
PFCV-5000-12 .210” #12 19 
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‘*TEFLEX’’ 
HIGH TEMPERATURE 
MOTOR AND TRANSFORMER LEAD CABLES 


PATENTED 
Designed to meet the requirements of electrical equipment operating at high temperatures — a flexible cable of 
higher dielectric strength and insulation resistance, smaller in diameter, flameproof, resistant to corrosive vapors, 
acids, and solvents. B.1.W. Teflex cables fill the need for high temperature cables operating in wet locations and se- 


BIW TYPE PFCV consists of flexible copper conductor insulated with a laminated 
layer of Dupont Teflon sealed with silicone to form a moisture-proof insulation 
which remains flexible after exposure to high processing temperatures and may be 
operated at 150°C continuously. Covered with a unique heat and abrasion resistant 


BIW TYPE PFRW similar to PFCV except that it has an external synthetic rubber 
sheath to provide more durability for heavy duty applications. This sheath will 
withstand varnish dipping and oven or infra-red baking. This type can be rated at 
higher temperatures and can carry higher power ratings than conventional cables. 

Both types are made in all sizes from £22 to 22 AWG in 600 volt rating and in high voltage ratings as may be required from 1,000 


Voltage Current eee 
Rating Rating O.D. TYPE NO. 
600 5 Amps.| .120” PFRW-600-22 
600 8 | .130” PFRW-600-20 
600 12 | 145” PFRW-600-18 
600 20 | 170” PFRW-600-16 
600 40 | 185” PFRW-600-14 
600 55 .200” PFRW-600-12 
600 75 -270” PFRW-600-10 
600 100 .350” PFRW-600-8 
600 135 390” PFRW-600-6 
600 180 | 480” PFRW-600-4 
600 240 | 550” PFRW-600-2 
2500 5 .180” PFRW-2500-20 
13000 30 .300” PFRW-13000-14 
5000 50 | 340” PFRW-5000-12 


BOSTON INSULATED WIRE AND CABLE CO. 





Boston 25, Massachusetts 
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Estas isnen 18! 


46 NEWBURY STREET, 
BOSTON 16, MASS. 


727 WEST SEVENTH ST., 
LOS ANGELES 14, CALIF. 


165 POST STREET, 


SAN FRANCISCO 8, CALIF. 


THE MAJOR DIFFERENCE BETWEEN 
ONE TYPE OF CLOTHING AND ANOTHER 
IS NOT PRICE...IT’S TASTE 


One great advantage of ready-made clothing in America is that good cloth- 


ing can be bought at many price levels. Here at Brooks Brothers, you will 


find our ready-made suits are available on our Second and Sixth Floors... 


each one representing the best price value that we know of. 


There is one major difference, however, which has nothing to do with 


price. It is correct, casual good taste which is found 


here at all price levels. 


Over the years Brooks Brothers’ manner of dressing has never been surpassed. 


Men’s Ready-Made Suits, $95 to $115 
Sixth Floor Shop Suits, $65 to $90 


KG. jbo 





C®ELOTHINGA_ 
Mens Furnishings, Hats ¢ Shoes 


346 MADISON AVENUE, COR. 44TH ST., NEW YORK 17, N.Y. 


111 BROADWAY, NEW YORK 6, N. Y. 
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HAROLD J. RYAN, INC. 








Air Conditioning 


101 PARK AVENUE NEW YORK 17, N. Y. 











FLIGHT TEST AND CONTROL INSTRUMENTATION 


GYROSCOPICS—ELECTRONICS —SERVOMECHANISMS 


leat DESIGN * DEVELOPMENT e PRODUCTION 

















L 56 ELMWOOD STREET, NEWTON 58, 
MASSACHUSETTS 
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TO M.LT. MEN 


In 1917 Walker Memorial Building was 
opened, a gift from Alumni for the welfare 
of M.LT. students. In addition to including 
offices for student activities and serving as a 
student social center, this building houses 
the dining service. 


In 1948-49 nearly one million meals were 
served to staff and students. Morss Hall seats 
approximately 500 people. Thus, each chair 
served 2.000 people per year or 5.5 persons 
per day. We thank the Alumni for making 
these services possible. 


WALKER MEMORIAL 
DINING SERVICE 


e M.I.T. e 
CAMBRIDGE 39, MASSACHUSETTS 
A. W. BRIDGES, Manager 


PIPE FABRICATING 
SPECIALISTS—— 


for Oil, Chemical, Concrete, Asphalt 
and other Industrial Requirements 


Butt Welds * Bending (all types) * Coiling 
Machining linside and outside) * Cutting 
Threading * Beveling * Lining * Pickling 
Galvanizing * Sand Blasting * Preheating 
Heat Treating * Stress Relieving * Testing 
to meet the most exacting specifications 
with absolute satisfaction 
Fabricting Divition 
ALBERT PIPE SUPPLY CO. ~< 
BERRY at NORTH 13th STREETS 
BROOKLYN 11, N. Y 
Phone: EVergreen 7-8100 











THE FASTEST TRAINS 
(Continued from page 155) 


averages of over 60 miles an hour between major 
terminals — by an extra-fare train in each direction on 
each run daily, except on Sundays and holidays.’ 
Their averages are given below, together with figures 
illustrating what has taken place since 1930 in the 
scheduled speeds of the certain famous French-named 
limiteds, such as the Golden Arrow and the Blue 
Train: 


Average miles an hour 


Paris to: Miles Train 1949 1939 1930 

Calais 186 Fléche d’Or 58.1 58.1 58.1 

B J 194 Etoile du Nord 51.1 63.5 55.2 
— ‘ L’Oiseau Bleu 17.3 64.0 = 


Nos. 41 and 424 62.4 - 
Calais-Mediterranée 


Lyon 318 | Express (Train Bleu) 45.4 52.2 42.7 
\ Céte d’Azur 448 568 47.9 
, Nos. 7 and 8 60.2 — — 
, Sud Express 53.1 64.0 4658 
Bordeaux 361 1B Céte d’Ar- 
gent 53.1 63.5 
| Nos. 33 and 34 51.5 
Marseilles 536 Calais-Mediterranée 
fees pe ea | Express (Train Bleu) 46.3 53.1 43.8 
\Céte d'Azur 46.3 583 49.0 


+ Advertised as “les plus rapides d'Europe” in 1949. 


Required Customs Stops 


The above figures include those for one interna- 
tional service, that between Paris and Brussels, the 
running times of which are not materially affected by 
customs delays; in fact, the 1939 and 1930 trains listed 
ran nonstop between the two capitals. On most other 
European international runs, however, over-all aver- 
ages are seriously reduced by required customs stop- 
pages. The southbound Rome Express, for example. 
is now delayed 1.6 hours at Modane, else its Paris- 
Rome average would be 37.4 instead of 35.1; and Sud 
Express would now average northbound 39.2 instead 
of 34.9 from Madrid to Paris, were it not for a total of 
2.8 hours lost at Iran and Hendaye, In the data which 

(Concluded on page 182) 

® In 1939 there were three French runs at over 70 miles an 
hour, on all of which the fastest 1949 trains are booked in the 
50’s, viz.: Paris-Longueau, then 75.7 and now 56.5; Dijon 
La Roche, then 74.2 and now 50.3; Nancy—Paris, then 73.0, 
and now 56.9. 


| 
LEONARD CONSTRUCTION COMPANY | 


Engineers and Contractors 
SINCE 1905 


IN THE AMERICAS AND FAR EAST 


| 
37 South Wabash Ave. | 
Chicago 
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J. C. CORRIGAN CO., INC. PRECISION-GAUGED 























non Engineers * Manufacturers « Erectors AND 
ys.° - bo = —~ 
ee aterials Handling Equipment 
't " Portable Conveyors FINE ROLLED WIRE 
t . Distributors for _ 
nec 
3 Jeffrey Manufacturing Co. 
suc Jeffrey Parts Carried in Boston Stock PRECISION PRODUCTS COMPANY 
41 Norwood Street, Boston 22, Mass. a , 
: Tel. GEneva 6-0800 ROBERT |. BRADLEY, ‘20 
wus 
1930 
38.1 
55.2 
- William H. Coburn, *11 William F. Dean, 17 
= GEORGE W. McCREERY CO. 


6.8 iat William H. Coburn & Co. 


Building Construction 
INVESTMENT COUNSEL 




















126 NEWBURY STREET BOSTON, MASS. 
3.8 
9.0 68 Devonshire St. Boston, Mass. 
1a- HANAN 
he 


a Lord Electric Company 


er 


8 INCORPORATED 
le, 

S— 

7 1895 | ELECTRICAL CONSTRUCTION —1950 

id 

of 131 Clarendon Street 10 Rockefeller Plaza 1201 Plaza Building 

| Boston 16, Massachusetts New York 20, N. Y. Pittsburgh 19, Pa. 

“hh Telephone COmmonwealth 6-0456 Telephone Clrcle 6-8000 Telephone COURT 1920 


| Hi | 


in 





0), 


The TREDENNICK-BILLINGS CO. 
Construction Managers Building Construction 


K. W. RICHARDS '07 H. D. BILLINGS '10 Cc. C. JONES '12 F. J. CONTI ‘34 


10 HIGH STREET BOSTON, MASSACHUSETTS 
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Hesledle teste He He Ke Ke He Hee See Ste See He Hee Heke 
WILLIAM D. NEUBERG C€O0., INC. 


CT Chemicals TD 


GRAYBAR BUILDING 420 LEXINGTON AVE. 
NEW YORK 17, N. Y. 
TELEPHONE OREGON 9-2550 
CABLE—"WILNEUBERG" 








Plans Reports 

Specifications Evaluations 

Supervision Consultation 

INCORPORATED 
ENGINEERS 
824 South Figueroa Street, Los Angeles 14 

James T. Ho_mes D. Lee Narver 
M.1.T.°14 Stanford ’14 
ai 








N. A. LOUGEE & COMPANY 


ENGINEERS 
S sto J. H. M ing & Company 





Reports—Appraisals—Depreciation Studies 


Rate Cases—Business and Economic Studies 








120 BROADWAY NEW YORK 
N. A. Loucee *11 L. H. Mattruews °13 
J. W. McDona op, Jr. ’20 








THE FASTEST TRAINS 
(Continued from page 180) 
follow, no 1949 Paris-Berlin average appears for Nord 
Express since its Berlin section is as yet in postwar 
operation only as far as Helmstedt: 


{verage miles 


an hour 
Paris to: Miles Train 1949 1939 1930 
Berlin 666 Nord Express ——- 541i 992 
Rome Rome Express 35.1 48.1 35.5 
(via Modane) 898 

Sud Express 34.9 38.9 35.8 

Madrid 905 J Pyrénées Cote 
\ d’Argent 28.5 40.3 - 
a { 1,617 Orient Express 28.9 39.9 35.1 
P | 1,660 Arlberg Express 30.2 _ 

Si m-Ori 

Istanbul 1,884 Estes sia 22.7 34.0 31.7 


Frontier Delays 


Most affected of all by intervening frontiers is the 
last named, for the route of the Simplon-Orient tra- 
verses the soil of seven different political entities 
France, Switzerland, Italy, Trieste, Yugoslavia, Bul- 
garia, and Turkey. Besides the delays of six frontiers, 
the train remains stationary half a ‘Bulgarian day at 
Sofia. Thus, its cited current average of 22,7 7 miles an 
hour westbound is largely an arithmetical measure of 
accomplishment against postwar interruptions by this 
hitherto glamorous train de luxe, favored in an ‘elder 
day by iaaeeniil rajahs, princes, millionaires, and 
lovely lady spies to whose exploits aboard allusions 
may be found in the w vritings of Agatha Christie, Eric 
Ambler, and the late E }. Phillips Oppenheim, or in the 
films of portly Alfred Hitchcock. 





SYSKA & HENNESSY, INC. 


Engineers 
Consultation Plans Reports 
Power Plant Water Systems Disposal Plants 


Air Conditioning Systems 
NEW YORK, N.Y. 


| J. F. HENNEssy °24 











JAMES F. DOWNEY & STAFF 


INDUSTRIAL ENGINEERS 


WORK LOADS, JOB CLASSIFICATION, 
EQUIPMENT UTILIZATION, 
PLANT LAYOUT, PRODUCTION CONTROL 
LABOR RELATIONS 


20 NORTH BROADWAY SOUTHERN OFFICE: 
WHITE PLAINS, N. Y. GREENSBORO, N. C. 


James F. Downey, ‘20 














PREPARATORY SCHOOLS FOR BOYS 





CHAUNCY HALL SCHOOL 


Founded 1828. The School that specializes in the preparation 
of students for the Massachusetts Institute of Technology. 


HUNTINGTON SCHOOL FOR BOYS 


Grades Nine to Twelve. 
Thorough preparation for entrance to M.I.T. 
and other technical schools. 
Regular and summer courses. 
William G. Wilkinson, Headmaster 


Ray D. Farnsworth, Principal 553 Boylston Street, Boston, Mass. | 320 Huntington Ave. Boston Tel. Kenmore 1800 
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PROFESSIONAL CARDS 





| FAY, SPOFFORD & THORNDIKE 


Engineers 


JACKSON & MORELAND 


Engineers and Consultants 

Design and Supervision of Construction Airports —— Bridges — Water Supply and Sewerage 

Reports — Examinations — Appraisals Port and Terminal Works — Fire Prevention 
DESIGNS 


Machine Design — Technical Publications INVESTIGATIONS 
SUPERVISION OF CONSTRUCTION 


BOSTON NEW YORK Boston New York 


CLEVERDON, VARNEY & PIKE 


Consulting Engineers 


DRUMMEY-DUFFILL, INC. 


Architects Engineers 


. p>) 4 bd . . 9 . > » ee 
80 Boylston Street HERBERT S. CLEVERDON 710 Wapo F. Pike 15 
Boston 16, Mass. Structural Designs Foundations 
Heating Ventilating and Plumbing Designs 
Wn. W. Dauwoer, *16, B.S., M.A.. Hucu P. Dorrus, °20, $.B., S.M., Industrial Buildings, Reports, Investigations 
A.LA. M., Am. Soe. C.E. . . ~ryn oy" or 7 71 
ene 120 TREMONT STREE1 BOSTON 8, MASS. 


MAURICE A. REIDY 


EapigE. FREUND AND CAMPBELL 


4 
CONSULTING ENGINEERS Consulting Engineer 
500 Firru AVENUE New York 18, N. Y. BRIDGES BUILDINGS 
. : . : STRUCTURAL DESIGNS FOUNDATIONS 
Mechanical — Electrical — Sanitary CONSTRUCTION CONSULTANT AND ARCHITECTURAL ENGINEER 
fir Conditioning —- Power — Process Layouts Estimates and Appraisals 
101 TREMONT STREET BOSTON, MASS. 


J. K. Campbell, M.LT. "11 





STARKWEATHER ENGINEERING CO. THE COSMA LABORATORIES CO. 


ee 1545 East 18th Street Cleveland 14, Ohio 


Engineers and Contractors for Pumping Plants 
Boiler and Power Plants, Cooling W ater Chemical Analysis — Testing — Consulting Engineering 
and Heat Recovery Systems Testimony and Research 
246 Walnut Street, Newtonville BIGelow 8012 H. Seymour Couto, M.LT. ‘21 R. W. Faiscumerm, Case "32 
Assistant Director 


J. B. Starkweather, B.S. M.I.T. °21 Director 


THE KULJIAN CORPORATION Moran, Proctor, FREEMAN & MUESER 


1200 North Broad St., Philadelphia 21, Pa. Commusens Gases 
ZONS NG ENGI Ss 
CoONSULTANTS—ENGINEERS- CONSTRUCTORS 420 LexincTron AVENUE New York 17, N. Y. 
S -h is s M ° . . * 
sale _— ialists le a, Foundations for Buildings, Bridges and Dams; 
Uriniry, INDUSTRIAL, AND CHEMICAL FiELps Tunnels, Bulkheads, Marine Structures, Soil Studies and 


Offices in Tests; Reports, Design and Supervision 


Washington, D.C.—St. Petersburg, Fla.-Rome, Italy Pardo, Procter, Freeman & Mueser 
Cale a. ix Ingenieros Consultores Wuitam H. Musser, "22 
ileutta, India Ap. Correos 614, Caracas, Venezuela 


H. A. Kurgian, “19 A. H. Kergian, “48 








FABRIC RESEARCH LABORATORIES WittiaM W. Russet 22 Eocar P. PALMER °25 
areas | PALMER RUSSELL CO., Realtors 


Research, Development and Consultation 1320 Beacon Street Brookline 46, Massachusetts 


for Textile and Allied Industries Cosmenes Metmeans Qin 


665 Boylston Street Boston, Mass. Business Loans to Corporations and Institutions 


W. J. Hameuncer, *21 K. R. Fox, *40 Loan Correspondent for the Penn Mutual Life Insurance Company 


E. R. Kasweis, "39 


GILBERT ASSOCIATES, INC. | FAirmount 5105 EX press 7766 
ENGINEERS AND CONSULTANTS | 


Malcolm G. Davis "25, Vice President Allen W. Reid “12 E. C. Edgar °35 FRANK MASSA 


Steam, Hydro, Diesel Power Plants; Industrial Structures; Pn en ae a ve 
Plant Safety, Labor Relations, Utility Rates, Valuations, slCCITO-ACOUSHLE UONSUECAN 
Reports; Large Seale Purchasing; Industrial Laboratory 


New York, N. Y. Reading, Pa. Washington, D. C. 
Philadelphia, Pa. Houston, Tex. 


3393 Dellwood Road 3868 Carnegie Avenue 
CLEVELAND, OHIO 
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What GENERAL ELECTRIC People Are Saying 


J. H. HOLLOMON, 
Research Laboratory 


NUCLEATION: Such diverse problems 
as the kinetics of phase transfor- 
mations, the formation of cracks 
in solids or of bubbles in liquids. 
and the formation of reversed do- 
mains during demagnetization have 
been treated in terms of the concepts 
of nucleation and growth. By nucle- 
ation is meant the formation of a 
new and distinct region separated 
from its surroundings by a discrete 
boundary. Nucleation is involved in 
the formation of a small droplet of 
water from water vapor, the forma- 
tion of a small region of body- 
centered cubic iron within a face- 
centered cubic matrix. and the for- 
mation of a region of ferromagnetic 
material having one-spin orientation 
in a matrix in which the orientation 
of the spins is different. 

The problem of nucleation, then, 
is pertinent to some of the most 
interesting transformations occurr- 
ing in nature, and by control of the 
rate of nucleation the transforma- 
tions can be controlled. Recently. 
for example, it has become possible 
to modify the weather over large 
geographic regions by simply induc- 
ing the nucleation of ice from a 
cloud of water droplets. Recently 
also metals have been significantly 
supercooled by preventing the for- 
mation of nuclei over a wide range 
of temperatures. 


American Society for Metals, 
Cleveland, 
October 15, 1949 


* 
A. H. SHARBAUGH, 


Research Laboratory 


ExpLorinc Mo.Lecu Les: One of the 
outgrowths of the intensive research 
in the radar field during World War 
II has been the opening of a promis- 
ing new field: that of exploring the 
molecule with radio waves . . .With 
a microwave spectrometer we cause 
radio waves si 14-inch long to 
pass down a long hollow pipe which 
is filled with the gas we wish to 
study. At the far end we measure the 
radio power with a crystal detector 
and show the pattern on a television 
tube. Every time we tune the micro- 
wave source through an absorption 
line we see a sharp dip in the trace 


on the oscilloscope or television 
tube. By tuning over the available 
frequency range, we find out ex- 
perimentally all the frequencies 
where the energy is absorbed as well 
as how strongly it is absorbed. 

One advantage that microwave 
spectroscopy holds over the kinds 
of spectroscopy practiced at shorter 
wavelengths, as in the region of 
visible light. is the ability of the 
microwaves to distinguish between 
absorption lines that are very close 
together. This quality, known as 
resolution, is several thousand times 
better than the best optical in- 
struments... 

By using a crystal oscillator 
checked with WMV. the Bureau of 
Standards station at Washington. 
D.C., we may generate standard 
reference markers throughout the 
frequency range of the spectrograph. 
By means of these we can measure 
experimentally our absorption lines 
to about | part in a million. Not 
quite all this accuracy is retained in 
the molecular geometry because of 
uncertainties in Planck’s constant 
and the fact that the molecule may 
be slightly flexible and disturb our 
measured interatomic distances. In 
spite of these limitations. we may 
calculate from experimental data 
the distances between atoms to an 
accuracy of 1/1000 of an angstrom 
unit or 1/100 of a millionth of an 
inch! 

The fact that these microwave 
absorption lines are extremely sharp 
and very stable opens up the avenue 
to some interesting applications. 
One of these is the use of the spec- 
troscope as an analytical tool for 
chemists. The frequency range cur- 
rently used in microwave spectros- 
copy is from about !4 em. to 2 em. 
in wavelengths and. even in this 
relatively small region so far in- 
vestigated, there is room for 5 
million noninterfering rotational 
absorption lines. In principle, it is 
believed that a thousand or more 
different complex organic molecules 
could be determined from a sample 
weighing less than | ten-millionth 
of an ounce without harming it in 


any way and without using up the 
sample... 

Although microwave — spectros- 
copy primarily vields information 
about the structure of the molecule 
as a whole, it may also be used for 
studying the rotation of internal 
groups of atoms within the molecule. 


General Electric Science Forum. 
WGY. 
September 28, 1919 


* 


C. G. SUITS, 
Vice President and Director of Research 


Aromic Power: It is probable 
that about $200 million will have to 
be spent in the process of building 
successive experimental power 
plants before we will have a proper 
basis for judging the future eco- 
nomic possibilities of atomic energy. 
Because of the great array of un- 
answered technical questions, there 
can be no assurance at present that 
the final result will be successful. If 
a profitable atomic industry ever 
develops, it is certainly decades in 
the future. This financial risk is 
obviously one which cannot be sup- 
ported by any private capital in the 
world, so that it is clear from the 
outset that only the resources of the 
national government can sustain the 
required effort. Not only does the 
great cost of the development make 
it necessary for the national govern- 
ment to foot the bill. but the fact 
that fuel for atomic power plants is 
also the explosive material of atomic 
bombs makes it necessary for the 
federal government to control the 
security and accountability aspects 
of the project in great detail. All 
atomic energy work is thus the re- 
sponsibility of the Atomic Energy 
Commission and is carried out in 
laboratories operated by its con- 
tractors. 
National Academy of Sciences, 
Rochester, N. Y., 
October 25, 1949 
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The development of an idea calls for “know how.” Skilled 
textile engineers in our Experimental and Engineering Depart- 
ments must spend many long hours designing, proving and 
finally adapting the new ideas for mass-production. Their 
continuous search for new and better developments carries 


out the Draper policy—retaining leadership through research. 














STROBOTAG 


= 


TYPE 631-B 
STROBOTAC 


% a : Direct-Reading Flashing Speed Range: from 
manufacture of the thousands of products these containers carry safely to their 600 to 14,400 per minute — stops motion from 


Sore ; 100 to 1 
destinations. In the mills of The Ohio Boxboard Company at Rittman, Ohio, the eo 
Strobotac checks several manufacturing operations, not the least of which is shown 
above. Here are the how and the why in their own words: 


Looking for a Possible Variation in the ‘Fluff’ 


recision in the making of corrugated shipping containers is as essential as in the 


Flash Duration: between 5 and 10 microseconds. 
Power Supply: 115 volts, 60 cycles. 
Power Input: 25 watts. 
‘The beam was focused on the single facer where the corrugated medium (.009” Dimensions: 7% x 8% x 9% inches. 
straw) left the flute roll and “fluffed” out on the fingers before the adhesive is Price: $125.00 
applied. The ‘‘fluff’’ must be uniform to achieve uniform adhesion, otherwise 
blisters will form. Even though we had to use a double image, due to the frequency Write for your 24 page manual 
we b ‘ x 4 , abl Bas ‘y | i} +h of stroboscopic techniques, “Eyes 
eing about 360 per minute, we were able to spot faulty finger adjustment whic for Industry.” 
resulted in blistered board. By use of the Strobotac we were able to correct faulty EYES FOR inpustpy 
adjustment very quickly.”’ a 


Here, as in hundreds of instances, the Strobotac flash, by ‘stopping motion,”’ reveals 
conditions and causes, effects and defects, previously hidden or obscured. 


GENERAL RADIO COMPANY smite 


90 West St., New York 6 920 S. Michigan Ave., Chicago 5 1000 N. Seward St., Los Angeles 38 














